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BUTTERFLIES  OF  GREAT  AND  LITTLE  INAGUA,  BAHAMAS 


Harry  K.  Clench! 

I Associate  Curator,  Section  of  Insects  and  Spiders 

Karen  A.  Bjorndal1 
Abstract 

Thirty-four  species  of  butterflies  have  been  recorded  from  Great  Inagua,  and  nineteen 
from  Little  Inagua,  southern  Bahamas.  The  collecting  history  is  outlined,  geography  and 
j habitats  described,  and  zoogeography  discussed.  These  arid  islands  have  a depauperate 
fauna,  only  occasionally  successfully  colonized  by  Hispaniolan  species.  In  the  southern 
Bahamas  as  a whole  (including  the  Turks  and  Caicos  islands),  endemism  is  relatively 
high.  The  34  species  from  the  Inaguas  are  listed  with  records  of  occurrence,  notes  on 
behavior,  habitat  preference,  adult  food  plants,  and  taxonomic  remarks.  A new  subspe- 
cies of  Epargyreus  zestos  (Hesperiidae)  is  described. 


Introduction 

Even  to  Bahamians,  the  Inaguas  are  a long  way  off.  Transportation 
to  and  from  the  islands  is  relatively  infrequent;  tourist  attractions  and 
visitors  are  few.  Not  surprisingly,  the  butterflies  of  these  islands  have 
remained  little  known.  Published  references  to  Great  Inagua  butterflies 
are  few  and  material  in  collections  has  been  scanty;  until  March  1976 
no  butterflies  had  ever  been  collected  on  Little  Inagua  at  all. 

Quite  independently  each  of  us  has  acquired  a substantial  amount 
of  information  about  the  butterflies  of  these  two  islands.  Also  quite 
independently  we  had  each  intended  to  write  an  account  of  them. 


t d.  1 April  1979. 

1 Address:  Department  of  Zoology,  University  of  Florida,  Gainesville,  Florida  32611. 
Submitted  for  publication  30  August  1979. 
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When  we  learned  of  our  common  interest  and  intentions,  we  decided 
to  combine  our  efforts,  and  the  present  paper  is  the  result. 

Historical  Notes 

So  far  as  we  are  aware,  Charles  J.  Maynard  was  the  first  person  to 
collect  butterflies  on  Great  Inagua.  He  visited  the  island  only  once,  in 
1888  (Turner,  1957:144),  and  apparently  took  some  butterflies  there. 
No  specimens  survive,  and  the  only  hint  of  this  is  in  his  paper  (May- 
nard, 1889),  in  which  he  mentions  having  examined  specimens  of 
Agraulis  [ vanillae ] insularis  from  “New  Providence,  Andros,  Rum 
Key,  and  Inagua,  Bahamas.” 

Twenty  years  later,  in  February  and  March  1909,  W.  W.  Worthing- 
ton spent  several  weeks  on  Great  Inagua,  mostly  at  Alfred  Sound  and 
Matthew  Town  (Todd  and  Worthington,  1911).  He  was  engaged  pri- 
marily in  collecting  birds,  but  he  also  made  a representative  collection 
of  butterflies  (CM).  A list  of  the  eighteen  species  he  took  may  be  of 
interest:  Danaus  plexippus ; Precis  evarete ; Precis  genoveva ; Anartia 
jatrophae ; Euptoieta  hegesia;  Agraulis  vanillae ; Strymon  martialis ; 
Strymon  columella ; Leptotes  cassius ; Hemiargus  thomasi ; Kricogon- 
ia  lyside ; Eurema  elathea ; Eurema  chamberlaini ; Ephyriades  brun- 
nea;  Ephyriades  zephodes;  Hylephila  phyleus;  Wallengrenia  sp.;  Pan- 
oquina  panoquinoides. 

Over  twenty  years  later,  in  January  1932  and  25  to  27  February  1934 
(Barbour  and  Shreve,  1935:349),  the  Armour  Expeditions  stopped  at 
Great  Inagua  and  collected  a total  of  10  species  (MCZ).  The  Inagua 
lycaenids  of  these  expeditions  were  included  in  Clench  (1943). 

In  late  January  and  early  February  1953 — another  twenty  years  had 
elapsed — the  Van  Voast-American  Museum  of  Natural  History  Ex- 
pedition visited  Matthew  Town  (Rabb  and  Hayden,  1957:21,  26-28). 
They  apparently  spent  little  time  collecting  butterflies,  as  they  took 
only  three  species  (AMNH),  listed  by  Rindge  (1955). 

Twenty  years  once  again  were  to  pass  before  the  next  collection.  In 
late  November  and  early  December  1973,  H.  Clench  (accompanied  by 
Mary  H.  Clench)  spent  a week  at  Matthew  Town,  Great  Inagua,  taking 
22  species  (CM). 

In  1974 — the  “twenty  year  interval”  had  finally  been  broken — the 
Hayes  family  stopped  briefly  at  Matthew  Town  during  a summer  cruise 
through  the  Bahamas  and  took  six  species  (CM). 

K.  Bjorndal  lived  for  a year  and  a half  on  Great  Inagua,  from  April 
1975  through  August  1976.  Most  of  her  time  was  devoted  to  work  on 
her  doctoral  thesis  subject,  the  nutritional  ecology  and  energy  budget 
of  the  Green  Turtle,  Chelonia  mydas.  She  was  able,  nonetheless,  to 
make  an  extensive  collection  of  butterflies,  totalling  27  species  (CM), 
accompanied  by  observations  on  their  habits  and  habitats. 
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The  Carnegie  Museum  Bahamas  Expedition  stopped  at  Matthew 
Town  in  March  1976,  and  Clench  made  a further  collection  of  16 
species  (CM).  Unfortunately,  each  of  us  was  unaware  of  the  other’s 
presence  on  the  island  at  the  time,  and  we  did  not  meet.  The  butterflies 
of  this  expedition  were  listed  by  Clench  (1977/?).  In  April  1977,  Clench 
again  spent  a few  days  in  the  vicinity  of  Matthew  Town,  taking  24 
species  (CM). 

Bjorndal  made  a brief  second  visit  to  the  island  in  June  1978,  taking 
22  species.  In  all,  now,  about  a thousand  specimens  of  butterflies  have 
been  collected  on  Great  Inagua,  representing  34  species. 

Butterfly  collecting  on  Little  Inagua  has  had  a much  briefer  history. 
The  first  butterflies  were  taken  there  by  Clench  on  the  Carnegie  Mu- 
seum Bahamas  Expedition  in  March  1976.  Thirteen  species  were  taken 
(CM),  and  two  more  seen.  The  expedition  spent  a day  at  Southwest 
Point,  then  moved  to  Northwest  Point  for  another  day  of  collecting, 
and  a third  day  was  devoted  to  a hike  in  to  the  Royal  Palm  Sink  Holes. 

A few  months  later,  in  July,  Bjorndal  also  visited  Little  Inagua, 
spending  most  of  her  time  on  the  southern  coast,  from  Southwest  Point 
eastward  about  8 km.  Her  time  was  occupied  with  thesis  work  but  she 
nonetheless  was  able  to  collect  four  species  (CM),  and  saw  an  addi- 
tional five. 

In  April  1977  Clench  made  a second  visit  to  Little  Inagua,  taking  15 
species  and  seeing  at  least  one  more. 

For  Little  Inagua,  now,  a total  of  240  specimens  has  been  taken, 
representing  17  species,  with  two  additional  species  known  only  from 
sight  records. 


General  Geography  and  Habitats 
Great  Inagua 

Geography . — Great  Inagua  (Fig.  1)  is  the  southernmost  island  in  the 
Bahamas.  It  lies  only  about  90  km  northeast  of  the  eastern  end  of 
Cuba,  and  barely  more  than  that  north  of  the  western  part  of  Hispan- 
iola. Some  64  by  32  km,  and  with  an  area  of  1,500  square  km,  it  is  the 
second  largest  island  in  the  Bahamas  chain.  Deep  water  surrounds  it 
on  all  sides,  and  the  nearest  islands,  with  the  exception  of  Little  Ina- 
gua, are  West  Caicos  in  the  Caicos  Islands  about  60  km  northeast, 
Acklins  Island  about  130  km  northwest,  and  Mayaguana  about  110  km 
north  of  Northeast  Point  (but  only  about  80  km  from  Little  Inagua). 
Great  Inagua  is  mostly  low-lying  and  flat,  with  occasional  widely  scat- 
tered hills  (the  highest  about  40  m),  and  entirely  composed  of  lime- 
stone. In  its  middle  is  a large,  shallow,  salt  lake,  variously  called  Lake 
Rosa,  Lake  Windsor,  or  simply  “The  Lake.’’  Depending  on  rainfall  it 
can  cover  up  to  a quarter  of  the  island.  At  the  western  end  of  the  lake 
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Fig.  1. — Map  of  Great  and  Little  Inagua,  showing  localities  mentioned  in  the  text.  Drawn 
by  Nancy  J.  Perkins.  Numbered  localities  on  the  main  map  are  as  follows:  1)  Airport 
and  Airport  Ponds;  2)  Blakes  Well  and  Leather  Fern  Pond;  3)  Calf  Pond;  4)  Flamingo 
Camp  (Long  Cay);  5)  Georges  Hill;  6)  John  Grey  Hill;  7)  Lighthouse;  8)  Man  of  War 
Bay;  9)  Maroon  Hill;  10)  Pump  Station;  11)  Rocky  Point;  12)  Spoonbill  Ponds;  13)  Stew 
Duck  Pond;  14)  Town  Salt  Pans;  15)  Salt  Pond  Hill.  Numbered  places  on  inset  map  of 
Matthew  Town  are  (1)  Ford’s  Inagua  Inn  and  (2)  General  store. 


the  Morton  Salt  Company  (Morton  Bahamas  Ltd.)  operates  a solar 
salt  industry.  It  is  the  economic  mainstay  of  the  island,  harvesting  up 
to  a million  tons  of  sea  salt  a year. 

Fresh  water  on  Great  Inagua  is  scarce,  limited  to  a few  shallow 
ponds  and  sink  holes  in  the  northwestern  quadrant,  and  to  a small  area 
called  Horse  Pond,  near  Matthew  Town.  Precipitation  is  slight,  the 
reason  for  the  xeric  nature  of  the  island.  At  Matthew  Town  the  mean 
annual  total  is  28  in  (71  cm),  with  three  annual  maxima — a small 
one  in  January,  a larger  one  in  May,  and  the  largest  in  October  (Anon- 
ymous, 1976:36).  Rainfall  in  recent  decades  has  been  below  average. 
In  early  1978,  however,  it  was  uncommonly  high,  perhaps  heralding 
a period  of  increased  moisture. 

Habitats. — The  extent  to  which  humans  and  feral  animals  have  al- 
tered the  natural  vegetation  is  not  known.  The  entire  human  popula- 
tion, about  a thousand  people  in  1975,  now  lives  in  Matthew  Town, 
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on  the  west  coast.  In  the  past  at  least  five  other  communities  were 
located  along  this  coast,  the  people  living  by  subsistence  farming  and 
fishing.  A few  similar  communities  were  also  present  in  the  eastern 
and  northern  part  of  the  island  (Klingel,  1942).  Today,  small  houses 
in  various  stages  of  decay  and  small,  still  flourishing  patches  of  intro- 
duced ornamentals  mark  the  locations  of  these  deserted  towns. 

Farming  has  decreased  over  the  past  several  decades,  partly  because 
of  decreased  rainfall,  but  more  importantly  because  alternative  em- 
ployment is  now  available  in  the  solar  salt  industry.  As  a result  of  this 
operation,  extensive  reservoirs  and  crystallizing  pans  have  been  built, 
and  the  area  of  hypersaline  habitat  has  increased.  Timbering  on  the 
island  was  limited  to  select  cutting  of  Lignum  Vitae  ( Guaiacum  sanc- 
tum) in  coppices,  but  this  ceased  over  thirty  years  ago.  Populations, 
reputedly  large,  of  feral  donkeys,  goats,  hogs,  and  cattle  are  present, 
and  they  have  undoubtedly  altered  the  natural  vegetation  to  some  ex- 
tent. 

The  major  habitat  types  can  be  enumerated  under  two  headings — 
open  areas,  and  wooded  areas. 

I.  Open  areas:  the  vegetation  is  sparse  or  low,  not  over  1 m high, 
and  often  less  than  0.5  m. 

1.  Town  lots  (Matthew  Town).  The  ground  is  usually  rocky,  with 
sparse  soil  in  pockets,  and  a variety  of  low  herbaceous  vegetation, 
including  grasses,  forbs,  and  others,  generally  kept  low  by  cutting  or 
grazing  by  goats,  and  with  peripheral  or  occasional  tall  ornamental 
shrubs  of  various  kinds.  Although  this  is  a highly  and  continually  dis- 
turbed habitat,  for  some  reason  a number  of  species  of  butterflies  on 
Inagua  are  found  only  here  (except  for  occasional  strays),  where  they 
are  resident  and  fairly  common — Eurema  lisa,  Eurema  elathea,  Hern- 
iary us  ceraunus,  Pyrgus  oileus  (the  latter  common  in  1973,  but  not 
seen  since).  Also  common,  but  found  elsewhere  too,  are  Phoebis  sen- 
nae  (commoner  in  town  than  elsewhere),  Phoebis  agarithe,  Euptoieta 
hegesia,  and  Agraulis  vanillae. 

2.  Dry  meadows.  Grasses  up  to  0.6  m,  moderately  dense,  with  a 
variety  of  low  flowers,  particularly  Stachytarpheta.  These  meadows 
are  usually  small  (typically  6 to  15  m on  a side)  and  seem  to  be  man- 
made. They  occur  almost  always  along  roads,  and  the  Stachytarpheta 
is  usually  most  dense  along  the  road  edge.  It  is  a curious  habitat  type, 
but  conspicuous  and  with  numerous  butterflies  (notably,  in  some,  Wal- 
lengrenia  sp.). 

3.  Moist  meadows.  Sandy  or  loamy  soil,  with  dense,  tall  (to  1 m) 
grasses  alternating  with  dense  low  stands  of  Phyla  nodiflora  and  other 
low  forbs.  This  type  was  seen  only  at  Horse  Pond,  a former  fresh 
water  pond  (Todd  and  Worthington,  1911).  Fresh  but  sulphurous  water 
now  lies  about  1 m below  the  surface  except  for  a few  small  pools. 


6 


Annals  of  Carnegie  Museum 


vol.  49 


The  area  is  rich  in  butterflies,  and  several  kinds  have  been  found  only, 
or  chiefly,  here — Junonia  evarete,  Anartia  jatrophae,  and  Strymon 
limenia. 

4.  Salinas,  and  other  hypersaline  areas.  As  butterfly  habitats  these 
comprise  level,  salt-encrusted  mud,  subject  to  occasional  inundation 
and  evaporation,  found  about  the  borders  of  salt  lakes  or  ponds.  Vege- 
tation is  sparse  and  scattered,  but  includes  the  grass  Sporobolus  vir- 
ginicus  (growing  in  nearly  pure,  sometimes  large,  stands),  Salicornia 
virginica,  and  Batis  maritima.  Around  the  landward  edges  of  such 
places  are  usually  found  the  prostrate  Sesuvium  portulacastrum,  and 
often  Borrichia  arborescens,  both  of  which  are  much  used  as  food 
flowers  by  butterflies.  Black  Mangrove  ( Avicennia  genninans)  is  usu- 
ally present  in  the  area.  The  most  typical  butterflies  of  such  places  are 
Brephidium  exilis  (rarely  found  anywhere  else),  Panoquina  panoqui- 
noides  (a  little  more  broadly  tolerant),  and  Ascia  monuste  (relatively 
wide-ranging,  but  often  commonest  here). 

II.  Wooded  areas.  Vegetation  includes  a large  percentage  of  woody 
species,  at  least  in  part  taller  than  1 m. 

5.  Upper  strand.  Along  sandy  beaches  of  protected  shores,  the  up- 
per strand  is  commonly  marked  by  a band  of  flowering  shrubs,  among 
them  Suriana  maritima  and  Mallotonia  gnaphalodes.  These  are  par- 
ticularly attractive  to  the  lycaenids,  Strymon  martialis,  Strymon  col- 
umella, Hemiargus  thomasi,  as  well  as  to  Junonia  evarete,  Agraulis 
vanillae,  Wallengrenia  sp.,  and  occasionally  others. 

6.  Open  scrub.  Low,  sparse  vegetation  less  than  1.5  m high,  this 
often  represents  areas  formerly  of  dense  scrub  that  have  been  bull- 
dozed within  the  past  30  years  or  so  and  are  slowly  recovering.  Such 
places  usually  contain  relatively  high  populations  of  butterflies,  among 
them  Euptoieta  hegesia,  Agraulis  vanillae,  Phoebis  sennae,  and  Phoe- 
bis  agarithe. 

7.  Dense  scrub.  A dense,  sometimes  thorny,  rather  variable  type, 
the  major  vegetation  cover  of  the  island.  It  ranges  from  1.6  to  2 m in 
height,  with  occasional  emergents,  and  is  composed  of  a variety  of 
broadleafed  shrubs.  The  lower  kinds  of  dense  scrub  are  also  a little 
more  open,  the  higher  phases  denser  and  nearly  impenetrable.  Butter- 
flies include  Anaea  verticordia,  Eurema  chamberlaini,  Hemiargus  tho- 
masi, Kricogonia  lyside,  and  Ephyriades  brunnea. 

8.  Parkland.  Low  trees  (to  6 m),  rather  widely  spaced,  with  a sparse 
shrub  layer.  Local  (notably  surrounding  Horse  Pond)  and  of  small 
areal  extent,  it  supports  few  butterflies,  most  of  them  probably  tran- 
sient. 

9.  Coppice  or  hardwood  forest.  This  is  another  vegetation  type  of 
limited  occurrence.  It  is  a low  forest  (to  6 m),  with  a closed  canopy 
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and  sparse  ground  level  vegetation.  Butterflies  are  few  (among  them, 
Ephyriades  brunnea  and  Papilio  andraemon). 

10.  Mangrove  swamps.  These  comprise  dense  stands  of  Rhizophora 
mangle , along  protected  shores  and  sandy  coasts.  Common  butterflies 
include  Kricogonia  lyside  and  Epargyreus  zest  os. 

Little  Inagua 

Geography.  —Although  it  is  only  about  10  km  from  Great  Inagua 
(just  north  of  Northeast  Point),  Little  Inagua  is  nonetheless  on  a sep- 
arate bank,  and  the  water  between  the  two  islands  is  over  180  m deep. 
Little  Inagua  is  small  (about  127  square  km)  and  compact.  Along  the 
western  coast  is  a low,  sandy  ‘'coastal  plain” — rarely  more  than  100 
m wide.  Along  the  inner  border  of  this  plain  is  a low  rocky  scarp  about 
5 m high.  Thence  inward  the  surface  is  more  or  less  level,  highly 
eroded  rock.  In  the  interior  are  a few  low  ridges,  and  an  occasional 
knoll  reaches  30  m elevation. 

To  judge  from  the  vegetation,  precipitation  on  the  island  is  slight, 
averaging  perhaps  20  to  25  in  (50  to  63  cm)  annually.  The  only 
fresh  water  we  know  of  is  that  contained  in  the  Royal  Palm  Sink  Holes 
in  the  interior.  These  remarkable  sink  holes,  certainly  one  of  the  most 
striking  features  of  the  island,  comprise  a chain  of  three  or  four  holes, 
the  major  one  about  10  by  20  m,  and  roughly  5 to  8 m deep.  The 
surface  rock  overhangs  part  of  this  hole,  and  under  the  overhang  is  a 
pool  of  fresh  water.  Most  of  the  remaining  bottom  of  this  hole  is  mud 
and  leaf  litter,  with  a dense  stand  of  Sawgrass  ( Cladium  jamaicense ), 
a Mahogany  ( Swietenia  mahogani),  Wild  Coffee  ( Psychotria  ligus- 
trifolia),  and  five  large  and  one  immature  Hispaniolan  Royal  Palms 
(. Roy  stone  a hispaniolana).  The  largest  of  the  royals  we  estimated  to 
be  about  25  m high,  not  only  emergent  but  towering  far  above  the 
surrounding  vegetation.  One  could  see  it  from  several  kilometers  away 
by  climbing  occasional  emergent  trees.  These  are  the  only  known  na- 
tive royal  palms  in  the  Bahamas,  and  were  discovered  from  the  air  in 
1973  by  George  Avery.  Early  in  1975  Donald  Buden  first  reached  them 
on  foot  and  obtained  a sample  of  their  fruit,  which  confirmed  their 
identity.  Since  then,  a number  of  people  have  visited  the  sink  holes, 
including  both  of  us.  Gillis  et  al.  (1975)  and  Gillis  (1977a,  1911b)  have 
well  described  the  discovery  of  these  palms. 

Alteration  of  habitats  by  man  or  feral  animals  has  been  minimal. 
According  to  older  inhabitants  of  Great  Inagua,  when  the  part  of  that 
island  near  Northeast  Point  was  inhabited,  the  residents  sometimes 
crossed  to  the  eastern  end  of  Little  Inagua  and  farmed  there.  This  is 
no  longer  true,  but  from  accounts  the  eastern  end  of  the  island  would 
be  worth  visiting  and  may  have  habitat  types  not  found  elsewhere  on 
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the  island.  With  the  exception  of  this  former  limited  seasonal  farming, 
the  island  has  always  been  uninhabited.  At  the  Royal  Palm  Sink  Holes 
evidence  of  early  man  was  particularly  looked  for,  and  none  was 
found — no  artifacts,  no  trace  of  soot  on  the  rock  overhang  of  the  main 
sink  hole,  nor  any  other  sign  of  former  human  presence.  Feral  donkeys 
occur  on  the  island.  We  heard  their  braying  frequently,  mostly  in  the 
vicinity  of  the  salina  at  Northwest  Point,  where  they  have  worn  a 
distinct  path  around  the  salt  pond;  we  saw  their  droppings;  and  partly 
followed  their  trails  through  the  scrub.  These  signs  decreased  inland 
and  around  the  sink  holes  we  saw  no  evidence  of  them.  Their  effect 
on  the  island  and  its  vegetation  is  at  most  barely  visible.  Feral  pigs  and 
goats  are  rumored  to  occur,  but  we  saw  no  evidence  of  them  ourselves. 

Habitats. — The  habitat  types  on  Little  Inagua,  so  far  as  we  know 
them,  are  similar  to  those  on  Great  Inagua,  but  are  fewer. 

Salinas  (no.  4 above)  are  common  at  frequent  intervals  all  around 
the  coast.  They  are  like  those  on  Great  Inagua,  and  have  the  same 
butterflies. 

Upper  strand  vegetation  (no.  5)  is  widely  distributed  along  the  west- 
ern coast  at  least  and  has  the  same  butterflies  except  that  no  Junonia 
has  been  seen.  Strymon  martialis  is  particularly  common. 

Open  scrub  (no.  6)  is  well  represented,  especially  near  Northwest 
Point. 

Dense  scrub  (no.  7)  is  the  major  vegetation  component  on  the  island, 
but  has  few  butterflies  inland — occasional  Ephy hades  brunnea,  Eu- 
rema  chamberlaini,  and  Hemiargus  thomasi.  Along  the  western  coast 
it  is  richer  and  higher,  and  has  more  butterflies. 

Coppice  (no.  9)  we  found  in  only  one  place:  on  the  sandy  coastal 
plain  about  1 to  2 km  south  of  Northwest  Point.  Trees  reach  heights 
of  5 to  6 m,  with  a closed,  or  nearly  closed,  canopy.  Here  only,  Anaea 
verticordia  and  a still  undetermined  species  of  Papilio  (most  likely 
andraemon)  were  seen,  and  here  Eurema  chamberlaini  was  more  fre- 
quent than  anywhere  else  on  the  island  (but  still  not  common). 

The  Royal  Palm  Sink  Holes  make  a special  habitat  (described 
above),  not  seen  elsewhere  on  Little  Inagua,  or  anywhere  on  Great 
Inagua.  Few  butterflies  were  present,  however.  A few  Ephyriades 
brunnea  were  visiting  the  flowers  of  Psychotria  in  the  hole,  and  a 
single  Phoebis  sennae  flew  overhead.  No  other  butterflies  were  noted. 

List  of  Plants  Mentioned 

To  save  repetition  in  the  species  list  we  enumerate  and  briefly  describe  here  the 
various  plants  mentioned.  The  heights  we  give  are  typical,  not  extreme.  When  common 
names  are  specific,  they  are  capitalized;  otherwise  not. 

Amyris  elemifera  (Rutaceae).  Torchwood.  A shrub  (to  2 or  3 m),  rarely  a tree,  found  in 
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dense  scrub.  A known  larval  foodplant  of  Papilio  aristodemus  in  Florida,  and  could 
be  so  on  Great  Inagua. 

Avicennia  genninans  [formerly  A.  nitida ] (Verbenaceae  or  Avicenniaceae).  Black  Man- 
grove. A tall  tree  (to  20  m or  so),  of  protected  inlets  and  hypersaline  places,  flow- 
ering in  April-May,  some  into  June. 

Batis  maritima  (Batidaceae).  Saltwort.  A low  (to  0.5  m)  forb  of  open  hypersaline  areas. 

Bidens  alva  var.  radiata  [formerly  B.  pilosa  var.  radiata]  (Compositae).  Beggars  Ticks 
or  Spanish  Needles.  A low  (to  1 m),  sometimes  shrub-like  forb  of  disturbed  open 
areas.  The  white,  few-rayed  flowers  are  attractive  to  many  butterflies.  Flowers 
continuously,  with  a peak  in  mid-February  to  late  March. 

Borrichia  arborescens  (Compositae).  A forb  (to  1 m)  of  the  drier  parts  of  hypersaline 
areas,  its  yellow  flowers  much  visited  by  butterflies. 

Cakile  lanceolata  (Cruciferae).  Sea  Rocket.  A low  (to  0.3  m,  sometimes  higher)  forb  of 
beaches  and  borders  of  hypersaline  areas,  flowering  from  December  to  May. 

Casuarina  litorea  [considered  by  some  to  be  C.  equisetifolia ] (Casuarinaceae).  Austra- 
lian Pine.  A tall  (to  10  m),  pine-like  tree,  introduced  and  now  naturalized,  growing 
mostly  near  the  coast,  usually  just  back  of  the  upper  strand. 

Catharanthus  [formerly  Vinca ] roseus  (Apocynaceae).  periwinkle.  A low  (to  0.4  m)  forb 
with  showy  white  to  pink  flowers,  attractive  to  a number  of  mostly  large  butterflies. 
It  is  not  native  but  is  extensively  cultivated  and  has  escaped  often  from  cultivation. 
It  blooms  continuously. 

Coccoloba  uvifera  (Polygonaceae).  Sea  Grape.  A shrub  or  low  tree  (to  4 m),  its  clusters 
of  small  white  flowers  attractive  to  many  different  butterflies.  Flowers  from  De- 
cember to  April,  occasionally  at  other  times. 

Coccothrinax.  See  Thrinax. 

Galactia  spiciformis  (Leguminosae).  milk  pea.  A vine  (to  1 m or  more,  on  other  plants) 
with  small,  purplish,  pea-like  flowers  in  clusters.  Flowers  from  late  October  to 
April. 

Guaiacum  sanctum  (Zygophyllaceae).  Lignum  Vitae.  A tall  (to  10  m)  tree  with  blue 
flowers  (February-June);  usually  found  in  coppice. 

Jasminum  fluminense  (Oleaceae).  jasmine.  A vine  with  rather  small  white  flowers;  flow- 
ers in  March  to  June,  at  least. 

Lippia.  See  Phyla. 

Mallotonia  [formerly  Tournefortia ] gnaphalodes  (Boraginaceae).  Sea  Lavender.  A 
shrub  (to  2 m)  of  the  upper  strand,  with  grayish  green  leaves  and  small  white  flowers 
in  compact,  elongate  heads,  attractive  to  many  small  butterflies.  Flowers  from  No- 
vember to  March,  and  into  April  on  Little  Inagua. 

Opuntia  nashii  (Cactaceae).  prickly  pear.  An  arborescent  prickly  pear,  the  pads  borne 
aloft  (to  2-2.5  m)  on  a trunk-like  stalk,  its  showy,  deep  purplish  pink  flowers  at- 
tractive to  some  (large)  butterflies.  It  is  rather  local  in  open,  arid  scrub  and  flowers 
all  year. 

Opuntia  dillenii  (Cactaceae).  prickly  pear.  Flowers  from  April  to  June. 

Passiflora  pectinata  (Passifloraceae).  passion  flower.  A vine. 

Phyla  [formerly  Lippia ] nodiflora  (Verbenaceae).  Capeweed  or  Fog  Fruit.  A low  (to  0.4 
m)  forb  of  moist  (fresh  or  perhaps  brackish  water)  low  places,  often  in  dense  col- 
onies. The  tiny  white  flowers  in  heads  are  attractive  to  many  butterflies  and  the 
plant  is  in  flower  continuously.  It  is  also  the  larval  foodplant  of  a number  of  Nym- 
phalidae. 

Plumeria  obtusa  var.  obtusa  [formerly  P.  inaguense ] (Apocynaceae).  Frangipani.  A 
shrub  (to  2 m),  found  in  dense  scrub;  flowers  from  March  to  July. 

Psychotria  ligus trifolia  (Rubiaceae).  wild  coffee.  A shrub  (to  2 m)  of  relatively  moist, 
shaded  habitats.  Its  white  flowers,  appearing  in  March,  are  attractive  to  some  but- 
terflies. 
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Rhachicallis  americana  (Rubiaceae).  Sandfly  Bush.  Flowers  from  March  to  July. 

Rhizophora  mangle  (Rhizophoraceae).  Red  Mangrove.  A shrub  or  low  tree  (to  3 m), 
with  aerial,  much-branched  roots,  of  protected  sandy  or  muddy  shores.  Flowers  all 
year,  with  a summer  peak. 

Roystonea  hispaniolana  (Palmae).  Hispaniolan  Royal  Palm.  Native  royal  palm  growing 
(to  25  m)  in  sink  holes  in  the  interior  of  Little  Inagua. 

Sabal  palmetto  (Palmae).  Sabal  Palm.  Fan  palm  growing  (to  4 m)  in  places  with  fresh 
water  (at  least  subsurface)  available.  Flowers  in  April  and  May. 

Salicornia  virginica  [formerly  S.  perennis ] (Chenopodiaceae).  Perennial  Glasswort.  A 
low  (to  0.4  m)  forb  of  open  hypersaline  areas. 

Sesuvium  portulacastrum  (Aizoaceae).  Sea  Purslane.  A spreading,  prostrate  vine  with 
red  stems  and  small,  lavender-pink  flowers,  growing  on  sand  beaches  and  at  the 
borders  of  hypersaline  areas.  Its  flowers  are  much  visited  by  Brephidium  and  Pan- 
oquina,  often  by  Eurema  chamberlaini  as  well.  Flowers  more  or  less  continuously. 

Sporobolus  virginicus  (Graminae).  dropseed.  A low  (to  0.4  m)  grass  of  beaches  and 
especially  of  hypersaline  areas,  often  in  dense  clumps  or  even  large  meadows. 
Probable  larval  foodplant  of  Panoquina. 

Stachytarpheta  [formerly  Valerianoides]  jamaicensis  (Verbenaceae).  Blue  Porterweed, 
Blue  Vervain.  A low  (to  0.4  m),  spreading  weedy  forb  of  disturbed  open  areas, 
especially  roadsides.  The  small  blue  flowers  are  a major  food  source  of  many  but- 
terflies, especially  Hesperiidae.  Blooms  continuously. 

Suriana  maritima  (Simaroubaceae).  Bay  Cedar.  A shrub  (to  2 m)  of  the  upper  strand. 
The  small  yellow  flowers,  scattered  deeply  among  the  close,  numerous,  small 
leaves,  are  attractive  to  a number  of  butterflies,  especially  Lycaenidae.  Flowers 
especially  from  December  to  May;  occasional  individuals  may  be  in  flower  any 
time. 

Thrinax  morris ii  and/or  Coccothrinax  inague nsis  (Palmae).  fan  palms.  Small,  to  2 or 
3 m. 

Tournefortia.  See  Mallotonia. 

Urechites  lutea  var.  sericea  (Apocynaceae).  Wild  Allemanda.  Flowers  from  February 
to  June,  with  a secondary  flowering  in  August-November. 

Valerianoides.  See  Stachytarpheta. 

Vinca.  See  Catharanthus. 

Zizyphus  taylori  (Rhamnaceae).  Zizyphus.  A shrub  (to  3 m),  flowering  chiefly  in  spring 
(March- April). 


Zoogeography 

The  aridity  of  the  Inaguas  seems  to  have  played  an  important  role 
in  determining  their  butterfly  fauna.  Great  Inagua  has  only  34  known 
species,  instead  of  the  roughly  48  that  would  be  expected  of  an  island 
of  its  size  in  the  Bahamas.  Similarly,  Little  Inagua  has  only  19  known 
species,  instead  of  an  expected  25.  A few  additional  species  are  likely 
to  be  discovered  on  both  islands,  but  it  is  doubtful  that  their  totals 
ever  will  exceed  about  80%  of  the  “expected”  values. 

By  virtue  of  its  geographic  position,  Great  Inagua  should  be  an  im- 
portant port-of-entry  island  for  butterflies  dispersing  to  the  Bahamas, 
particularly  from  Hispaniola.  Relatively  few  species  have  used  it,  how- 
ever. Andros  is  the  primary  port-of-entry  for  species  coming  into  the 
Bahamas  from  Cuba  (Clench,  1977 a),  and  of  its  60  known  species,  31 
(52%)  can  be  assigned  a Cuban  origin.  Only  seven  of  the  34  species  on 
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Great  Inagua  can  be  assigned  a Hispaniolan  origin,  about  21%.  (Some 
unassigned  species  on  both  islands  have  such  a wide  distribution  and 
lack  of  local  differentiation  that  they  leave  no  clue  to  their  source.) 

Two  of  the  Hispaniolan  species  on  Great  Inagua,  Pyrgus  oileus  and 
Ephyriades  zephodes,  hint  at  a possible  explanation.  Both  of  these 
species  may  now  be  extinct  on  Inagua.  Of  the  second,  only  a single 
specimen  is  known,  taken  in  1909.  The  first  species  was  not  uncommon 
in  Matthew  Town  in  1973,  but  has  not  been  found  since.  They  suggest 
that  species  may  reach  Inagua  from  Hispaniola,  perhaps  with  some 
regularity,  and  that  under  favorable  conditions  some  of  them  may  sur- 
vive for  several  generations.  Sooner  or  later,  however,  they  generally 
become  extinct,  and  the  most  reasonable  explanation  is  aridity.  Having 
lost  their  toe-hold  in  the  Bahamas,  of  course,  they  cannot  go  on  to 
other  islands. 

The  Turks  and  Caicos  Islands  are  also  situated  appropriately  to  func- 
tion as  a port-of-entry,  but  they  are  farther  from  Hispaniola  (160  to 
190  km,  compared  with  110  km  for  Great  Inagua),  and  therefore  may 
have  been  less  effective. 

These  faunas  are  all  so  depauperate,  and  the  interchange  of  species 
between  the  Caicos  Islands  and  the  Inaguas  has  been  so  great,  that  it 
is  difficult  to  judge  which  island  group  has  been  the  more  important 
entry  point.  Once  a species  succeeds  in  reaching  either  of  them  it  is 
most  likely  to  proceed  to  the  other.  The  exceptions  are  so  few  they 
tell  us  little. 

Three  species  are  known  from  Inagua,  but  not  the  Turks  and  Caicos. 
Two  of  them  may  now  be  extinct  ( P . oileus,  E.  zephodes)’,  the  third 
is  Eurema  lisa  euterpe. 

Two  species  are  known  from  the  Turks  and  Caicos,  but  not  Inagua. 
One  of  them  ( Euphyes  singularis  insolata  Butler,  1878)  may  be  ex- 
tinct— it  is  known  from  a single  old  specimen  in  CM  from  Grand  Turk. 
Clench  visited  that  island  in  January  1978,  and  made  a particular  point 
of  looking  for  the  butterfly,  but  none  was  found.  The  other  species  is 
Strymon  acis  subspecies.  This  undescribed  subspecies  is  distinctly 
related  to  the  Hispaniolan  S.  acis  petioni  Comstock  and  Huntington, 
1943,  not  to  S.  acis  armouri  Clench,  1943,  found  in  the  more  northern 
Bahamas  (and  in  turn  related  to  the  Cuban  S.  acis  casasi  Comstock 
and  Huntington,  1943). 

Some  of  the  Inagua  species  have  reached  there  from  the  more  north- 
ern Bahamas  (and  ultimately  from  Cuba).  One  of  these,  Papilio  aris- 
todemus  bjorndalae,  is  not  known  from  the  Turks  and  Caicos  (but  it 
is  extremely  rare  and  could  have  been  missed).  The  latter  islands  also 
have  a single  species  of  northern  origin  {Electro strymon  angelia  dowi 
Clench,  1941)  not  known  from  the  Inaguas.  Another  species,  Urbanus 
proteus  domingo  Scudder,  1872,  occurs  on  the  Caicos  Islands,  but  not 
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Table  1. — Species  of  butterflies  endemic  to  the  southern  Bahamas. 


Species 

Islands 

Great 

Inagua 

Little 

Inagua 

Caicos 

Turks 

Other 

Anaea  verticordia  intermedia 

X 

X 

X 

X 

_ 

Hemiargus  thomasi  ssp.  (note  1) 

X 

X 

X 

X 

X 

Eurema  chamberlaini  (note  2) 

A 

A 

B 

- 

c 

Papilio  aristodemus  bjorndalae 

X 

- 

- 

- 

- 

Epargyreus  z.  inaguarum 

X 

X 

X 

- 

- 

Ephyriades  brunnea  ssp.  (note  3) 

X 

X 

X 

X 

X 

Wallengrenia  sp.  (note  4) 

X 

X 

X 

X 

X 

Note  1.  This  undescribed  subspecies  of  thomasi  possibly  occurs  also  on  San  Sal- 
vador. 

Note  2.  The  capital  letters  each  refer  to  different,  endemic  subspecies  of  E.  cham- 
berlaini  (A  = inaguae\  B = undescribed;  C = several  other  subspecies,  in  the  more 
northern  Bahamas  as  far  as  Eleuthera  and  New  Providence). 

Note  3.  This  undescribed  subspecies  of  E.  brunnea  also  occurs  on  Crooked  and 
Acklins  islands  and  on  Rum  Cay.  The  species  is  recorded  from  Mayaguana,  but  speci- 
mens have  not  been  critically  studied.  They  are  probably  also  of  this  subspecies. 

Note  4.  This  undescribed  species  of  Wallengrenia  is  known  also  from  Acklins  Island 
and  doubtfully  from  San  Salvador. 


the  Inaguas.  It  may  have  reached  the  Caicos  group  from  the  more 
northern  Bahamas,  but  because  it  also  occurs  on  Hispaniola  this  is  not 
certain. 

The  evidence,  then,  slightly  favors  faunal  movement,  in  both  direc- 
tions, along  this  path;  northern  Bahamas — Caicos  Islands— Inaguas — 
Hispaniola.  Other  routes  have  been  used,  but  not  quite  to  the  same 
extent. 

Endemism  on  the  Inaguas  themselves  is  relatively  low,  evidently 
because  of  the  rapid  and  frequent  exchange  between  them  and  the 
Caicos  group.  If  we  extend  the  field  to  the  southern  Bahamas,  how- 
ever, the  degree  of  endemism  is  rather  high.  Table  1 gives  a list  of 
southern  Bahama  endemics.  Several  of  these  endemic  taxa  are  quite 
distinct  (especially  P.  aristodemus  bjorndalae , A.  verticordia  inter- 
media, and  the  Wallengrenia).  Their  distinctness  strongly  suggests 
that  they  persisted  through  the  Wisconsin  glacial  period  in  these  is- 
lands, or  possibly  on  one  or  more  of  the  now  submerged  Silver,  Mou- 
choir,  and  Navidad  banks,  north  of  Hispaniola,  which  were  emergent 
during  the  Wisconsin. 

In  resume,  the  Inaguas  share  much  of  their  depauperate  butterfly 
fauna  with  the  Caicos  Islands.  The  two  island  groups  have  functioned 
as  ports-of-entry  for  Hispaniolan  species  entering  the  Bahamas,  with 
Inagua  perhaps  slightly  more  effective  than  the  Caicos,  but  immigra- 
tion from  Hispaniola  throughout  has  been  weak.  This  is  probably  be- 
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cause  of  the  islands’  aridity,  which  seems  to  be  the  cause  of  their 
depauperate  faunas  as  well.  Nonetheless,  the  relatively  high  endemism 
in  the  southern  Bahamas  suggests  persistence  of  some  elements  of  the 
fauna  through  the  Wisconsin  glaciation,  followed  by  a northward 
spread  of  some  of  them  to  more  northern  islands.  A southward  spread 
to  these  southern  islands  of  some  species  of  the  more  northern  Ba- 
hamas has  occurred  also,  but  it  seems  to  have  been  more  recent,  and 
a little  less  important  to  the  Inagua  fauna  than  the  Hispaniolan  ele- 
ments. 


Species  List 

In  the  following  list  we  refer  under  each  species  to  Riley  (1975),  an 
indispensable  publication  to  anyone  working  on  West  Indian  butter- 
flies. Other  references  are  given  only  when  they  relate  directly  to  In- 
agua. 

The  conventions  in  locality  records  are  as  follows.  The  months  of 
flight  are  given  in  lower  case  roman  numerals.  Unadorned,  they  refer 
to  actual  captures;  in  brackets  to  sightings  unsupported  by  specimens. 
Spans  of  months,  as  “ii-vi,”  means  that  the  species  has  been  taken 
in  every  month  of  the  span  (or  sighted,  in  the  case  of  bracketed  spans). 
Sources  of  records  are  abbreviated  as  follows: 

A 32,  A 34:  Armour  Expeditions,  1932,  1934.  In  MCZ. 

B 75,  B 76,  B 78:  Bjorndal,  respectively  1975-1976  (Great  Inagua),  1976  (Little  Inagua), 
and  1978  (Great  Inagua).  In  CM. 

C 73,  C 76,  C 77:  Clench,  1973,  1976,  1977.  In  CM. 

H:  Hayes  family,  1974.  In  CM. 

L:  David  Campbell  and  Karen  Lowell,  1976.  In  CM. 

V:  Van  Voast-AMNH  Expedition,  1953.  In  AMNH. 

W:  Worthington,  1909.  In  CM. 

Other  abbreviations  include:  up,  upperside;  un,  underside;  fw,  fore 
wing;  hw,  hind  wing;  and  these  in  combination,  as  unfw,  uphw;  pm, 
postmedian;  st,  subterminal.  Institutional  abbreviations  are:  AMNH, 
American  Museum  of  Natural  History  (New  York);  CM,  Carnegie 
Museum  of  Natural  History;  MCZ,  Museum  of  Comparative  Zoology 
(Harvard  University,  Cambridge,  Mass.). 

Family  Danaidae 

Danaus  (Danaus)  plexippus  megalippe  Hubner,  1826 
Danaus  plexippus  megalippe : Riley,  1975:33,  pi.  1 fig.  1. 

Great  Inagua  (iii-iv,  ix,  [x-xii]). — Matthew  Town  ( W):  Man  of  War  Bay;  Union  Creek 
(both  B 75). 

Little  Inagua. — none  seen. 

Scarce.  This  species  is  usually  seen  singly,  in  open  scrub  and  along 
the  coastal  strand.  Only  the  non-migratory  form  is  represented. 
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Danaus  (Anosia)  gilippus  berenice  Cramer,  1779 

Danaus  gilippus  berenice : Riley,  1975:34,  pi.  1 fig.  3b. 

Great  Inagua  (iv,  vi,  vii,  [viii]). — Matthew  Town,  Salina  (C  77);  Airport;  Maroon  Hill 
(both  B 75). 

Little  Inagua. — not  seen. 

Usually  uncommon,  perhaps  erratic  in  appearance,  and  seems  to  be 
quite  local.  Clench’s  April  1977  specimens,  five  males,  were  all  taken 
feeding  at  flowers  about  1 to  1.5  m above  the  ground,  in  a small  area 
of  scrub,  grass,  and  flowers  near  the  northwestern  edge  of  the  Salina, 
and  the  species  was  seen  nowhere  else  at  that  time. 

This  population  is  best  referred  to  subspecies  berenice  (Cuba,  Cay- 
man Islands,  more  northern  Bahamas,  southeastern  United  States), 
but  an  appreciable  percentage  of  the  individuals  shows  traces  of  traits 
characteristic  of  the  Hispaniolan  subspecies,  cleothera  Godart  1819 
(Riley,  1975,  pi.  1 fig.  3a) — variable  loss  of  the  white  pm  spots  upfw 
below  Cun  and  paler,  brighter  ground  color  uphw  and  unhw.  A small 
series  from  several  of  the  Caicos  Islands  is  quite  similar  to  these. 

Family  Apaturidae 

Anaea  verticordia  intermedia  Witt,  1972 

Anaea  intermedia : Riley,  1975:60,  pi.  4 fig.  10. 

Great  Inagua  (iii,  iv,  vi-viii,  xi,  xii  [seen  all  other  months]). — Lighthouse  (C  73); 
Matthew  Town,  including  town  proper,  Salina,  and  elsewhere  (C  73);  Horse  Pond  (C 
73,  C 77);  Town  Salt  Pans;  Man  of  War  Bay;  Union  Creek  (all  B 75);  Stew  Duck  Pond 
(B  78). 

Little  Inagua.— 1 mi  S of  Northwest  Point,  9-10. iv  (C  77). 

Usually  moderately  common  on  Great  Inagua,  but  numbers  vary 
considerably.  It  flies  mainly  1 to  1.5  m above  the  ground  and  perches 
on  shrub  branches.  We  have  not  seen  it  feed  at  flowers.  The  usual 
adult  food  seems  to  be  leaking  (perhaps  fermented)  sap  at  occasional, 
widely  scattered,  shrubs.  At  times  a dozen  or  more  may  cluster  about 
such  a place,  and  the  same  site  remains  attractive  for  days  at  a time 
(at  least).  Individuals  have  been  seen  also  at  an  old  apple  core  on  the 
ground,  and  intermedia  may  use  other  non-floral  adult  foods  as  well. 

On  Little  Inagua  its  habits  were  slightly  different.  It  was  less  com- 
mon, and  local  in  a low  forest  on  the  coastal  plain  (the  only  true  forest 
on  the  island,  so  far  as  we  have  seen),  mostly  flying  about  a relatively 
tall  tree  and  perching  on  its  trunk,  perhaps  4 to  5 m above  the  ground. 

In  the  Turks  and  Caicos  Islands  this  subspecies  is  not  uncommon 
(Grand  Turk,  in  fact,  is  the  type  locality),  and  specimens  from  these 
islands  are  only  slightly  separable  in  appearance  from  those  of  Great 
Inagua.  In  feeding  habits,  however,  they  are  surprisingly  different. 
Turks  and  Caicos  individuals  were  never  seen  to  visit  non-floral  foods. 
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They  fed  infrequently,  but  only  at  the  small,  pink  flowers  of  a common 
shrub  ( Lantana  sp.)  in  the  dense  scrub.  Feeding  at  flowers  was  seen 
on  all  the  islands  where  the  species  was  found  (Grand  Turk,  Provi- 
denciales,  and  North  Caicos).  Rarely  they  were  seen  in  concentrations; 
these  were  always  comprised  of  just  a few  individuals  and  did  not 
involve  feeding  at  all. 

This  form  heretofore  (Witt,  1972;  Riley,  1975)  has  been  viewed  as 
a full  species.  It  may  be  better  considered  (Clench,  manuscript)  a sub- 
species of  the  Hispaniolan  verticordia  Hiibner,  1824,  along  with  the 
Cuban  echemus  Doubleday,  Westwood,  and  Hewitson,  1850,  and  it 
may  be  a stabilized  hybrid  product  of  both. 

Family  Nymphalidae 

Junonia  evarete  zonalis  C.  & R.  Felder,  1867 

Junonia  evarete  zonalis : Munroe,  1951:9  (in  part);  Riley,  1975:74,  pi.  8 fig.  5 (in  part; 
the  figure  represents  evarete  michaelesi ). 

Great  Inagua  ([i],  ii-iv,  [v-viii],  xii). — Matthew  Town  (W,  C 77);  Horse  Pond  (C  73); 
Man  of  War  Bay  (B  75). 

Little  Inagua. — not  seen. 

Uncommon,  usually  singly,  and  somewhat  erratic  in  appearance. 
The  species  is  found  in  coastal  open  scrub  and  also  grasslands,  often 
even  in  areas  of  dry  grass  and  bare  ground.  It  feeds  at  low  flowers, 
notably  those  of  Stachytarpheta.  One  or  more  evarete  can  usually  be 
seen  flying  over  the  grassy  meadow  at  Horse  Pond. 

Junonia  genoveva  [subspecies]  Cramer,  1780 

Junonia  evarete  zonalis:  Munroe,  1951:9  (in  part);  Riley,  1975:74  (in  part,  but  not  the 
figure). 

Great  Inagua  (ii,  vi). — Matthew  Town;  Alfred  Sound  (both  W);  Maroon  Hill;  North- 
west Point  (both  B 78). 

Little  Inagua. — not  seen. 

Worthington  obtained  a respectable  series  (6  6,  8 9)  in  1909,  but 
only  in  1978  have  additional  specimens  been  found.  The  species  is 
known  from  other,  more  or  less  southerly,  islands  in  the  Bahamas  (San 
Salvador;  Rum  Cay;  Conception  Id.).  Bjorndal  saw  a species  of  Ju- 
nonia by  the  hundreds  on  26  July  1976  around  the  dikes  of  the  Morton 
reservoirs.  They  might  have  been  genoveva , but  no  specimens  were 
taken  and  we  cannot  be  certain. 

This  form  is  usually  treated  (Munroe  1951;  Riley  1975;  and  others) 
as  a dry  season  form  of  evarete,  but  the  two  are  actually  different 
species  (Clench,  manuscript).  Forbes’s  (1928)  mention  of  “ Junonia 
lavinia  zonalis ” from  Great  Inagua  was  based,  apparently,  both  on 
this  series  and  on  the  two  evarete  that  Worthington  also  took. 
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Anartia  jatrophae  saturata  Staudinger,  1884 

Anartia  jatrophae  saturata : Riley,  1975:75,  pi.  7 fig.  5;  Clench  19776:276. 

Great  Inagua  (ii,  iv,  vi). — Alfred  Sound  (W);  Airport  (B  75)  and  Airport  Pond  (B  78); 
Horse  Pond  (C  76,  C 77);  Matthew  Town  (W). 

Little  Inagua. — not  seen. 

Local  and  at  times  common.  Near  Matthew  Town  it  is  consistently 
present  at  Horse  Pond,  and  Worthington’s  specimen,  although  labelled 
simply  "Matthew  Town,”  probably  came  from  there.  He  knew  the 
place  well  (Todd  and  Worthington,  1911).  A.  jatrophae  flies  low,  lands 
often,  and  although  wary  it  is  not  difficult  to  capture.  It  is  usually 
found  in  moist,  open  depressions  where  its  probable  foodplant,  Phyla 
nodiflora,  grows  in  dense,  low  stands.  Such  places  are  not  common 
on  Great  Inagua,  and  have  not  been  seen  anywhere  on  Little  Inagua. 

This  population,  and  the  one  that  occurs  in  the  town  of  Kew  on 
North  Caicos  (Caicos  Islands),  both  belong  to  the  Hispaniolan  sub- 
species. Farther  north  in  the  Bahamas  occurs  the  Cuban  subspecies, 
guantanamo  Munroe  1942. 

Euptoieta  claudia  Cramer,  1776 

Euptoieta  claudia : Riley,  1975:84,  pi.  8 fig.  8. 

Great  Inagua. — Union  Creek,  22. ix.  1975  and  7.x.  1975;  Man  of  War  Bay,  14.x.  1975, 
(all  Bjorndal)  (3  specimens). 

Little  Inagua. — not  seen. 

A new — and  unexpected — discovery  on  the  island.  The  specimens 
were  found  in  coastal  and  open  scrub.  E.  claudia  flies  with,  and  rather 
closely  resembles,  the  common  Euptoieta  hegesia,  so  it  is  possible 
that  other  individuals  have  been  seen  and  not  recognized. 

This  species  until  recently  was  unknown  in  the  Bahamas.  It  was  not 
listed  by  Sharpe  (1900),  Rindge  (1952,  1955),  or  West  (1966);  Riley 
(1975)  makes  no  mention  of  it  occurring  in  the  Bahamas.  The  first 
known  Bahama  specimens  were  taken  by  David  Hall  on  Grand  Ba- 
hama in  1970.  Since  then  claudia  has  been  found  on  Great  Abaco, 
North  Andros,  and  even  New  Providence  (Clench,  1977a:  185; 
1977/? :276).  The  present  record  is  the  first  from  the  southern  Bahamas. 

Euptoieta  hegesia  hegesia  Cramer,  1779 

Euptoieta  hegesia  hegesia : Rindge,  1955:7;  Riley,  1975:83,  pi.  8 fig.  7;  Clench, 
19776:276. 

Great  Inagua  (i-iv,  [v],  vi,  vii,  [viii],  ix-xii). — Town  Salt  Pans  (B  75);  Matthew  Town 
(W,  V,  C 73,  B 75,  B 78,  C 76,  C 77);  Airport  (B  75,  L);  Man  of  War  Bay  (B  75);  Alfred 
Sound  (W);  Union  Creek  (B  75,  B 78);  Maroon  Hill  (B  75).  No  locality:  A 34. 

Little  Inagua. — not  seen. 

Common  on  Great  Inagua  all  year  long  and  in  nearly  all  open  hab- 
itats, though  less  so  in  hypersaline  areas.  It  flies  low  and  rather  slowly, 
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and  is  easily  captured.  In  flight  it  resembles  Agraulis  vanillcie  and  may 
be  a crude  mimic  of  it.  This  is  one  of  the  commonest,  most  widespread 
butterflies  in  the  Bahamas,  and  its  apparent  absence  from  Little  Inagua 
is  remarkable. 


Family  Heliconiidae 

Agraulis  vanillae  insularis  Maynard,  1889 

Agraulis  insularis  Maynard,  1889:89. 

Agraulis  vanillae  insularis : Rindge,  1955:7;  Clench,  1977^:275. 

Dione  vanillae  insularis : Riley,  1975:88,  pi.  9 fig.  3. 

Great  Inagua  (i-iv,  vi,  ix-xii  [seen  all  other  months]). — Matthew  Town  (W,  V,  C 73, 
B 75,  C 76,  L,  C 77);  Airport  Pond  (B  78);  Man  of  War  Bay  (B  75);  Alfred  Sound  (W); 
Northwest  Point;  Stew  Duck  Pond  (both  B 78);  Union  Creek;  Georges  Hill  (both  B 75). 

Little  Inagua  (iii,  iv,  vii). — Northwest  Point  (C  76,  C 77);  1 mi  S of  Northwest  Point 
(C  77);  Southwest  Point  (C  76);  southern  coast  (B  76). 

Common  all  year  long,  in  nearly  all  open  habitats.  Its  flight  is  usually 
low  and  slow,  and  it  is  quite  unwary.  This  is  the  most  abundant  and 
universally  distributed  butterfly  in  the  Bahamas.  On  the  southern  coast 
of  Little  Inagua  Bjorndal  observed  a female  ovipositing  on  Passiflora 
pectinata  in  July.  Adults  on  this  island  have  been  seen  visiting  the 
small  white  flowers  of  Mallotonia  and  the  striking  red  flowers  of  the 
tree-like  cactus,  Opuntia  nashii. 

Family  Lycaenidae 

Chlorostrymon  maesites  maesites  Herrich-Schaffer,  1864 

Chlorostrymon  maesites  maesites : Riley,  1975:100,  pi.  11  fig.  8;  Clench  1977/?:278. 
Great  Inagua. — Matthew  Town,  12. vi.  1976,  2 <3  (L). 

Little  Inagua. — vie.  Northwest  Point,  14. iii,  7 <3,  1 $;  Southwest  Point,  13. iii,  2 $ 
(both  C 76). 

Rare,  or  at  least  inconspicuous  and  local,  on  Great  Inagua,  appar- 
ently with  only  a brief  flight  period  there.  Mr.  Campbell’s  two  Great 
Inagua  specimens  were  taken  on  the  flowers  of  Jasminum  fluminense. 
Most  of  those  on  Little  Inagua  (where  its  flight  period  is  apparently 
different)  were  feeding  at  the  flowers  of  Zizyphus  taylori.  This  small, 
gem-like  butterfly  is  easily  overlooked.  It  spends  most  of  its  time  feed- 
ing quietly  at  the  flowers  of  shrubs,  usually  1.5  to  2 m above  the 
ground,  and  its  apple-green  underside  color  is  excellent  camouflage. 

Strymon  martialis  Herrich-Schaffer,  1864 

Strymon  martialis:  Clench,  1943:53;  Riley,  1975:102,  pi.  11  fig.  11;  Clench,  1977/?:278. 

Great  Inagua  (ii-iv,  vi,  vii,  xii). — Alfred  Sound  (W);  Matthew  Town  (C  73);  Union 
Creek;  Spoonbill  Ponds  (both  B 75);  Flamingo  Camp  (B  78).  No  locality:  A 34. 

Little  Inagua  (iii,  iv). — Northwest  Point  (C  76,  C 77);  1 mi  S of  Northwest  Point  (C 
77);  Southwest  Point  (C  76). 
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In  the  Bahamas  this  species  is  generally  uncommon  and  usually  seen 
only  singly.  It  is  so  on  Great  Inagua,  but  on  Little  Inagua  it  was  com- 
mon in  March  1976— commoner  than  I (Clench)  had  ever  seen  it— and 
only  a little  less  so  in  April  1977.  S.  martialis  is  found  in  scrub,  on  the 
coastal  strand,  and  elsewhere  in  shrubby  areas,  flying  and  perching 
generally  between  0.5  to  2 m above  the  ground.  It  feeds  at  flowers, 
notably  those  of  Suriana  maritima , Rhachicallis  americana,  and  Mal- 
lotonia  gnaphalodes.  On  Little  Inagua  it  was  common,  particularly 
along  the  upper  strand  of  the  western  coast,  at  the  flowers  of  Suriana 
and  especially  Mallotonia. 

Strymon  columella  cybira  Hewitson,  1874 

Strymon  columella  cybira : Riley,  1975:104,  pi.  12  fig.  4;  Clench,  1977^:279. 

Great  Inagua  ([i],  ii,  iii,  [iv,  v],  vi,  [viii-x],  xi,  xii). — Matthew  Town  (W,  C 73,  C 76, 
B 78);  Horse  Pond  (C  76,  C 77);  Airport  Pond;  Blakes  Well  (both  B 78);  Rocky  Point; 
Union  Creek;  Stew  Duck  Pond  (all  B 75). 

Little  Inagua  (iii,  iv,  vii). — Northwest  Point  (C  76,  C 77);  1 mi  S of  Northwest  Point 
(C  77);  Southwest  Point  (C  76);  southern  coast  (B  76). 

Usually  common,  but  fluctuates  widely  in  numbers.  It  is  generally 
distributed,  especially  in  semi-arid  scrub,  usually  flying  0.3  to  0.6  m 
above  the  ground,  occasionally  higher.  It  is  a frequent  flower  visitor, 
particularly  to  low  ones  like  Bidens  and  Phyla , but  also  to  the  taller 
Avicennia  germinans  and  Suriana  maritima.  A pair  was  taken 
(Clench)  at  Horse  Pond  in  copula  at  15:27  EST,  12. iii.  1976. 

A female  from  Airport  Pond,  Great  Inagua  (21. vi.  1978,  Bjorndal), 
is  aberrant.  It  lacks  completely  all  the  postbasal  spots  unhw.  Occa- 
sional individuals  from  this  island  have  these  spots  more  or  less  re- 
duced, but  no  other  has  been  seen  completely  lacking  them. 

Strymon  limenia  Hewitson,  1868 

Strymon  limenia : Riley,  1975:106,  pi.  12  fig.  5. 

Great  Inagua. — Matthew  Town  (Horse  Pond),  12,  13. iv.  1977,  3 8 (Clench). 

Little  Inagua.— -not  seen. 

West  (1966:175)  noted  that  a specimen  of  this  species,  labelled  sim- 
ply “Bahamas,”  is  in  the  collection  of  the  British  Museum.  The  pres- 
ent individuals  are  the  first  with  accurate  localization  to  be  recorded 
from  the  Bahamas.  They  were  found  in  the  company  of  Strymon  col- 
umella (taken:  three  limenia  to  17  columella ),  feeding  at  the  flowers 
of  Phyla  nodiflora  in  the  swales  at  Horse  Pond.  The  two  species  were 
indistinguishable  in  the  field. 

Leptotes  cassius  theonus  Lucas,  1857 

Leptotes  cassius  theonus : Clench,  1943:59;  Riley,  1975:108,  pi.  12  fig.  10a;  Clench, 
1977b:  280. 
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Great  Inagua  (ii-iv,  vi,  vii,  xi,  xii). — Matthew  Town  (C  73,  H,  C 76,  C 77);  Alfred 
Sound  (W);  Airport  and  Airport  Pond  (both  B 78).  No  locality:  A 34. 

Little  Inagua. — 1 mi  S Northwest  Point,  9,  10. iv.  1977,  1 6 , 1 9 (Clench). 

On  Great  Inagua  this  species  is  uncommon  but  generally  distributed 
in  shrubby  areas,  including  town  lots,  flying  usually  0.5-2. 5 m above 
the  ground  (an  unusually  large  range)  and  perching,  seldom,  on  shrubs. 
Clench  did  not  see  it  on  Little  Inagua  during  his  visit  in  March  1976, 
and  found  only  two  in  April  1977;  Bjorndal  likewise  failed  to  see  it 
during  her  stay  on  the  island  in  July  1976.  Its  uncommonness  on  both 
islands  is  noteworthy,  because  L.  cassias  is  widespread  in  the  Baha- 
mas and  generally  common  throughout,  as  it  is  elsewhere  in  the  West 
Indies. 

Hemiargus  (Hemiargus)  ceraunus  ceraunus  Fabricius,  1793 

Hemiargus  hanno  filenus : Clench,  1943:56;  Riley,  1975:109,  pi.  12  fig.  12. 

Hemiargus  ( Hemiargus ) ceraunus  ceraunus : Clench,  1977b :280. 

Great  Inagua  (ii,  iii,  vi,  vii,  xi,  xii). — Matthew  Town  (C  73,  H,  B 75,  C 76,  C 77,  B 
78);  Airport  (B  75);  Horse  Pond  (C  73,  C 76,  B 78).  No  locality:  A 34. 

Little  Inagua. — not  seen. 

Usually  rather  common,  and  probably  flying  all  year,  low  in  grassy 
or  open  scrubby  areas,  but  apparently  only  in  the  near  vicinity  of 
Matthew  Town.  It  has  been  taken  at  the  Airport,  about  2 km  north  of 
town,  and  at  Horse  Pond,  about  1 km  to  the  northeast.  Strangely, 
Worthington  did  not  take  any  in  1909. 

Hemiargus  (Cyclargus)  thomasi  [undescribed  subspecies]  Clench,  1941 

Hemiargus  catilina  thomasi:  Clench,  1941:407;  Clench,  1943:56. 

Cyclargus  thomasi  thomasi:  Nabokov,  1945:18,  pi.  3 fig.  TH.TH  1. 

Hemiargus  thomasi  thomasi:  Rindge,  1955:13;  Riley  1975:110,  pi.  12  fig.  13  (figures 
represent  ssp.  noeli). 

Hemiargus  ( Cyclargus ) thomasi,  subspecies:  Clench,  1977b: 280. 

Great  Inagua  (i-vii,  xi,  xii). — Alfred  Sound  (W);  Matthew  Town  (V,  C 73,  H,  C 76, 
L,  C 77,  B 78);  Airport  (L,  B 75);  Horse  Pond  (C  76,  B 78);  Man  of  War  Bay;  Rocky 
Point;  Union  Creek;  south  coast;  Maroon  Hill;  John  Grey  Hill  (all  B 75).  No  locality: 
A 34. 

Little  Inagua  (iii,  iv,  vii). — Northwest  Point  (C  76);  about  1 mi  S of  Northwest  Point 
(C  77);  vie.  Southwest  Point  (C  76,  B 76);  southern  coast  (B  76);  interior  scrub,  en  route 
to  Royal  Palm  Sink  Holes  (C  77). 

Moderately  common  to  common,  mostly  in  areas  of  open  scrub  to 
dense  scrub.  On  Little  Inagua  it  is  commonest  along  the  coastal  strand, 
particularly  at  the  flowers  of  Suriana  and  Mallotonia,  although  a few 
were  seen  in  the  interior  scrub.  On  Great  Inagua  it  visits  a variety  of 
flowers,  including  those  of  Avicennia , generally  flying  from  0.3  to  2 m 
above  the  ground. 

The  populations  of  Great  and  Little  Inagua  are  similar  in  appearance 
and  represent  an  undescribed  subspecies  (Clench,  manuscript). 
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Brephidium  exilis  isophthalma  Herrich-Schaffer,  1862 

Brephidium  barbouri : Clench,  1943:58;  Rindge,  1952:  13. 

Brephidium  exilis  isophthalma : Gillham,  1955:34;  Clench,  1977/7:280. 

Brephidium  exilis  barbouri : Riley,  1975:114,  pi.  12  fig.  17. 

Great  Inagua  (ii,  iv,  [v],  vi,  [vii,  viii],  xi,  xii). — Matthew  Town  (Salina)  (C  73,  C 77); 
Town  Salt  Pans  (B  78);  Lighthouse  Canal;  Pump  Station;  Rocky  Point  (all  B 75);  Fla- 
mingo Camp  (Long  Cay)  (L).  No  locality:  A 34  (including  holotype  of  barbouri ). 

Little  Inagua  (iii,  iv,  [vii]). — Northwest  Point  (salina)  (C  76,  C 77);  southern  area 
(large  salina)  (B  76  [sight]). 

Variable  in  numbers,  from  quite  common  to  seemingly  absent.  This 
little  butterfly,  one  of  the  smallest  in  the  world,  inhabits  salt  flats, 
salinas,  and  similar  hypersaline  areas,  associated  with  Batis  maritima, 
Salicornia  virginica  (the  probable  larval  foodplant),  and  Sesuvium  por- 
tulacastrum.  The  adults  feed  mostly  at  the  flowers  of  Sesuvium  and 
Salicornia  but  have  also  been  seen  on  those  of  Rhachicallis  ameri- 
cana.  The  flight  of  exilis  is  extremely  low,  rarely  if  ever  over  0.3  m 
above  the  ground,  and  it  is  quite  inconspicuous.  Occasional  single 
individuals  have  been  seen  or  taken  on  Great  Inagua  in  the  scrub  or 
along  the  coastal  strand,  evidently  strays  from  hypersaline  areas. 

Family  Pieridae 

Ascia  (Ascia)  monuste  eubotea  Latreille,  1819 

Ascia  monuste  evonima : Riley,  1975:116,  pi.  13  fig.  3,  text  fig.  13. 

Ascia  monuste  eubotea : Clench,  1977/?: 273. 

Great  Inagua  (i-iv,  [v],  vi,  vii,  xi,  xii). — Matthew  Town  (Salina)  (C  73,  B 75,  C 76, 
C 77);  Town  Salt  Pans;  Man  of  War  Bay;  Union  Creek;  Morton  Reservoirs  (all  B 75); 
Maroon  Hill  (B  78);  Flamingo  Camp  (Long  Cay)  (L).  No  locality:  A 32,  A 34. 

Little  Inagua. — not  seen. 

Variable  in  numbers,  at  times  extremely  common.  It  occurs  mostly 
in  areas  of  lush,  low  herbaceous  vegetation  bordering  salinas,  but  may 
be  found  also  in  open  scrub,  along  the  coastal  strand,  and  even  in 
dense  scrub  and  coppice.  In  1975  its  first  flight  began  in  December 
with  the  first  flowering  of  Cakile  lanceolata,  possibly  a larval  foodplant 
locally.  In  May  through  July  1976  it  was  seen  only  near  the  dikes 
around  the  Morton  reservoirs  inland.  As  with  so  many  butterflies, 
solitary  individuals  are  usually  wary  and  difficult  to  approach,  but 
when  numbers  are  iarge  individuals  seem  indifferent  to  one’s  presence. 
A pair  was  taken  (Clench)  in  copula  13. iv.  1977,  08:40  EST,  in  the 
Salina  in  Matthew  Town,  the  male  flying. 

This  species  is  known  to  be  migratory,  at  least  on  occasion,  but 
even  so  it  has  certain  regional,  at  least  quasisubspecific  divisions,  as 
yet  not  carefully  worked  out.  Inagua  specimens  are  markedly  similar 
to  those  of  Hispaniola,  whereas  those  of  more  northerly  Bahama  is- 
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lands  closely  resemble  Cuban  specimens.  In  the  far  northern  islands 
(Grand  Bahama,  New  Providence,  and  others)  individuals  are  found 
that  are  like  those  typical  of  Florida. 

Phoebis  sennae  sennae  Linnaeus,  1758 

Phoebis  sennae'.  Riley,  1975:134,  pi.  17  fig.  1. 

Phoebis  sennae  sennae:  Clench,  1977/7:273. 

Great  Inagua  ([i,  ii],  iii,  [iv,  v],  vi,  vii,  [viii],  ix-xii). — Matthew  Town  (C  73,  B 75,  C 
76,  C 77,  B 78);  Airport  (L);  Man  of  War  Bay;  Lighthouse;  Maroon  Hill  (all  B 75); 
Northwest  Point  (B  78). 

Little  Inagua  ([iii]). — Royal  Palm  Sink  Holes  (C  76  [sight]). 

On  Great  Inagua  on  the  wing  all  year,  but  commoner  in  the  summer 
months.  It  is  seldom  really  common,  but  its  bright  color,  large  size, 
and  high,  powerful  flight  make  it  conspicuous.  It  is  usually  wary  and 
extremely  difficult  to  approach  except  when  feeding  at  flowers.  Among 
the  flowers  that  it  visits  are  Urechites,  Opuntici  dillenii,  Stachytarphe- 
ta,  and  Catharanthus  roseus.  P.  sennae  can  be  found  in  nearly  any 
habitat,  but  is  more  numerous  in  town  yards,  open  scrub,  coppice,  and 
along  coastal  strands.  The  one  individual  seen  on  Little  Inagua  flew 
over  the  Royal  Palm  Sink  Holes  while  we  were  eating  lunch  there. 

Phoebis  agarithe  antiilia  Brown,  1929 

Phoebis  agarithe  antiilia : Riley,  1975:134  (as  “ antilla ”)  pi.  16  fig.  6;  Clench,  19776:273. 

Great  Inagua  (iii,  iv,  vii,  ix-xii  [seen  all  other  months]). — Matthew  Town  (C  73,  C 
77);  Lighthouse;  Man  of  War  Bay  (both  B 75). 

Little  Inagua  ([iii],  iv). — vie.  Northwest  Point  (C  76  [sight]);  1 mi  S Northwest  Point 
(C  77). 

In  general,  similar  in  habits  and  habitat  choice  to  Phoebis  sennae , 
and  equally  difficult  to  approach. 

Kricogonia  lyside  Godart,  1819 

Kricogonia  lyside:  Riley,  1975:131,  pi.  13  fig.  9;  Clench,  19776:273. 

Great  Inagua  (ii-iv,  vi,  vii,  xi,  xii  [seen  all  other  months]). — Matthew  Town  ( W,  C 73, 
H,  C 76,  C 77);  Alfred  Sound  (W);  Airport  (L,  B);  Flamingo  Camp  (Long  Cay)  (L); 
Lighthouse;  Man  of  War  Bay;  Rocky  Point  (all  B 75);  Union  Creek  (B  75,  B 78); 
Stew  Duck  Pond  (B  78).  No  locality:  A 34. 

Little  Inagua  (iii,  [vii]). — Northwest  Point  (C  76);  Southwest  Point  (B  76  [sight]). 

On  the  wing  all  year  long.  It  is  variable  in  numbers  but  usually 
extremely  common,  probably  the  commonest  species  of  butterfly  on 
Great  Inagua.  Adults  feed  at  flowers,  notably  those  of  Avicennia,  Rhi- 
zophora , and  Coccoloba.  Each  year  on  Great  Inagua,  in  late  June  and 
July,  lyside  appears,  literally  by  the  thousands.  Bjorndal  saw  it  thus 
in  both  1975  and  1976,  and  island  residents  said  that  it  happens  every 
year.  Many  residents  have  also  added  that  these  butterflies  come  in  to 


22 


Annals  of  Carnegie  Museum 


vol.  49 


the  island  over  the  ocean  from  the  north,  and  it  may  well  be  so.  The 
species  is  known  to  migrate,  at  least  over  relatively  short  distances, 
in  southern  Texas  and  in  the  West  Indies.  It  is  interesting,  and  sup- 
portive, that  the  form  of  the  species  on  Great  Inagua  is  like  that  of  the 
more  northern  islands,  and  distinctly  different  from  the  one  prevalent 
on  Hispaniola. 

K.  lyside  seems  to  be  less  common  by  far  on  Little  Inagua,  at  least 
during  the  brief  spans  of  our  few  visits.  Bjorndal  saw  one  at  Southwest 
Point  in  July  1976,  which  flew  out  over  the  ocean  in  the  direction  of 
Great  Inagua  until  it  was  out  of  sight. 

Eurema  (Abaeis)  nicippe  Cramer,  1779 

Eurema  nicippe : Riley,  1975:130,  pi.  15  fig.  7;  Clench,  19776:273. 

Great  Inagua. — Matthew  Town,  11,  12.iii.  1976,  1 8,  3 9 (Clench). 

Little  Inagua. — not  seen. 

Scarce  and  perhaps  erratic  in  its  appearance,  the  above  four  speci- 
mens are  the  only  ones  known  from  the  Inaguas.  They  were  flying 
about  low  shrubs  in  the  northern  part  of  Matthew  Town  itself.  This 
infrequent,  sporadic  appearance  is  characteristic  of  nicippe  in  the  Ba- 
hamas. 

Eurema  (Eurema)  elathea  elathea  Cramer,  1777 

Eurema  elathea : Riley,  1975:123,  pi.  14  fig.  6;  Clench,  19776:273. 

Great  Inagua  (ii-iv,  vi,  xi,  xii  [seen  all  other  months]). — Matthew  Town  (W,  C 73,  B 
75,  C 76,  C 77,  B 78);  Airport  (L);  Horse  Pond  (C  76). 

Little  Inagua. — not  seen. 

Apparently  flying  all  year  and  generally  common.  This  species  on 
Great  Inagua  seems  to  be  confined  to  the  immediate  vicinity  of  Mat- 
thew Town,  where  it  flies  in  yards  and  vacant  lots.  It  is  particularly 
common  on  the  parade  ground  at  the  northern  end  of  town,  in  spite  of 
frequent  sports  events  there.  E.  elathea  flies  low  over  open,  often 
nearly  bare,  ground,  and  in  open,  sparse  scrub.  It  is  somewhat  sea- 
sonally dimorphic — winter  individuals  usually  have  a more  or  less 
dense  sprinkling  of  tan  scales  unhw,  often  gathered  into  an  irregular 
median  band.  This  scaling  is  absent  in  summer  specimens,  in  which 
unhw  is  nearly  pure  white. 

Eurema  (Pyrisitia)  lisa  euterpe  Menetries,  1832 

Eurema  lisa  lisa:  Riley,  1975:123,  pi.  14  fig.  7. 

Eurema  (Pyrisitia)  lisa  euterpe:  Clench,  19776:274. 

Great  Inagua  (ii-iv,  vi,  vii,  xi,  xii  [seen  all  other  months]). — Matthew  Town  (C  73, 
B 75,  C 76,  C 77);  Airport  (B  75);  Airport  Pond  (B  78). 

Little  Inagua. — not  seen. 

Flies  all  year.  It  is  only  moderately  frequent,  but  its  numbers  seem 
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to  fluctuate  less  than  is  true  of  most  other  species  on  the  island.  So  far 
as  we  are  aware,  E.  lisa  on  Great  Inagua  is  limited  to  the  immediate 
vicinity  of  Matthew  Town,  and  is  commonest  in  places  where  green, 
relatively  lush,  grass  is  present.  Its  flight  is  low  (0  to  0.5  m above  the 
ground,  usually  0.1  m)  and  rather  slow.  It  is  not  wary  and  is  easily 
taken. 

Great  Inagua  specimens  agree  with  the  Hispaniolan  subspecies  eu- 
terpe. 

Eurema  (Pyrisitia)  chamberlaini  inaguae  Munroe,  1950 
Eurema  chamberlaini  chamberlaini : Bates,  1934:134. 

Eurema  chamberlaini  inaguae  Munroe,  1950:179;  Rindge,  1952:7;  Riley  1975:121. 
Eurema  chamberlaini  subspecies:  Clench,  1977^:274. 

Great  Inagua  (ii-vii,  ix,  xi,  xii  [seen  all  other  months]). — Matthew  Town  (W,  C 73, 
H,  C 76,  L,  C 77);  Airport  (B  75);  Horse  Pond  (C  73,  C 76,  C 77);  Calf  Pond;  Leather 
Fern  Pond;  Man  of  War  Bay  (all  B 75);  Union  Creek  (B  75,  B 78);  Northwest  Point  (B 
78).  No  locality:  A 34  (including  holotype  of  inaguae ). 

Little  Inagua  (iii,  iv,  vii). — Northwest  Point  (C  76);  1 mi  S of  Northwest  Point  (C  77); 
en  route  to  Royal  Palm  Sink  Holes  (B  [sight]). 

Flies  all  year.  On  Great  Inagua  it  is  moderately  abundant,  somewhat 
more  so  in  summer.  It  flies  in  open  scrub,  dense  scrub,  and  coppice, 
keeping  usually  below  0.5  m above  the  ground.  It  feeds  at  a variety  of 
low-growing  flowers  including  (when  available)  those  of  Sesuvium.  On 
Little  Inagua  it  is  much  less  common  and  is  confined  to  areas  of  rel- 
atively dense,  shaded  coppice  and  scrub  near  the  coast. 

This  is  one  of  the  few  endemic  full  species  of  butterflies  in  the  Ba- 
hamas, and  also  one  of  the  few  butterfly  species  that  varies  racially  to 
any  considerable  extent  among  the  islands.  Specimens  from  Great  In- 
agua and  Little  Inagua  seem  to  represent  the  same  subspecies. 

Family  Papilionidae 

Papilio  andraemon  bonhotei  Sharpe,  1900 

Papilio  andraemon  bonhotei : Riley,  1975:147,  pi.  18  fig.  8 (figure  represents  nominate 
andraemon). 

Great  Inagua. — Matthew  Town,  28. xi  and  2. xii.  1973,  1 S each  (Clench);  9.vi.l976, 
1 S (Bjorndal). 

Little  Inagua. — (?),  see  below. 

Uncommon  to  scarce.  This  species  resembles  P.  aristodemus  on  the 
wing,  and  the  following  sight  observations  cannot  be  referred  specifi- 
cally to  either  one.  Bjorndal  notes  that  from  September  to  December 
1975  and  from  May  to  August  1976  swallowtails  were  flying  on  Great 
Inagua,  seen  most  often  singly  in  open  scrub,  dense  scrub,  coppice, 
the  coastal  strand,  and  even  in  Matthew  Town  proper.  On  Little  Inagua 
Clench  repeatedly  saw,  but  could  not  take,  swallowtails  in  the  coastal 
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plain  coppice  about  1.6  km  south  of  Northwest  Point,  7-10. iv.  1977.  In 
both  instances  andraemon  is  the  most  likely  species,  but  it  is  impos- 
sible to  be  sure. 

Great  Inagua  specimens  have  been  compared  carefully  with  bon- 
hotei  from  more  northern  Bahama  islands  and  there  is  not  the  slightest 
evidence  of  difference. 

Papilio  aristodemus  bjorndalae  Clench,  1979 

Papilio  aristodemus : Riley,  1975:146,  pi.  18  fig.  7 (no  mention  of  Bahamas;  figure  rep- 
resents ssp.  temenes). 

Papilio  aristodemus  bjorndalae  Clench,  1979:275. 

Great  Inagua. — Calf  Pond,  18. v.  1976,  1 6 paratype;  Man  of  War  Bay,  4.x.  1975,  1 $ 
holotype  (both  Bjorndal). 

Little  Inagua. — not  seen  (but  see  comments  under  Papilio  andraemon ). 

Apparently  scarce.  The  above  two  specimens  are  the  only  ones 
known.  Bjorndal  notes  that  aristodemus  shows  a marked  preference 
for  the  flowers  of  Plumeria  obtusa  var.  obtusa.  The  larval  foodplant 
of  P.  aristodemus  (ssp.  ponceanus  Schaus,  1911)  in  Florida  is  Amyris 
elemifera.  This  plant  is  common  on  Great  Inagua,  and  may  be  the 
larval  foodplant  of  bjorndalae  as  well,  but  we  have  no  definite  evi- 
dence of  it. 

Although  among  the  several  subspecies  of  aristodemus  it  is  nearest 
to  driophilus  Clench,  1979,  of  the  more  northerly  Bahamas  (Andros, 
Cat  Island),  bjorndalae  is  a remarkably  distinct  subspecies,  its  char- 
acters in  some  ways  suggesting  full  specific  status. 

Family  Hesperiidae 

Epargyreus  zestos  inaguarum,  new  subspecies 

Epargyreus  zestos : Riley,  1975:  157,  pi.  21  fig.  5. 

Holotype. — Male,  Matthew  Town,  Great  Inagua,  13. iv.  1977,  leg.  H. 
Clench  (Sta.  387);  C.M.  Acc.  29106. 

Paratypes. — All  Great  Inagua:  1 6 , Matthew  Town,  1 1 . vi.  1976,  leg. 
Karen  Lowell;  1 $,  Calf  Pond,  18. v.  1976,  leg.  K.  Bjorndal;  1 6,  Stew 
Duck  Pond,  25. vi.  1978,  leg.  K.  Bjorndal;  and  the  following  all  Union 
Creek,  leg.  K.  Bjorndal:  2 6,  24. v;  1 6,  1 9,  3.vi;  3 9,  4.vi;  1 6, 
8.vi;  1^,19,  10. vi  (the  preceding  all  1976);  2 6,1  9,  15. vi.  1978. 

Flolotype  and  all  paratyes,  C.M.  Ent.  type  series  no.  695. 

Description. — Differs  from  nominate  zestos  in  the  reduction  in  size 
of  the  hyaline  spots  of  the  diagonal  median  row  fw.  The  costal  spot  of 
this  row  is  rarely  over  1 mm  long,  and  often  much  less  (in  nominate 
zestos  from  Florida,  usually  2.5  to  3 mm;  from  the  more  northerly 
Bahamas,  1.5  to  2 mm);  the  cell  spot  is  usually  about  1 to  1.5  times  as 
long  as  wide,  sometimes  less  (in  Florida  and  the  most  northern  Ba- 
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hamas — Grand  Bahama,  Great  Abaco,  Andros,  and  Eleuthera — about 
twice  as  long  as  wide;  on  Cat  Island  and  Rum  Cay,  about  1.5  to  2 
times);  this  spot  is  as  deeply  indented  proximally  as  distally  (not  so  in 
other  populations),  and  in  one  extremely  reduced  individual  the  in- 
dentations are  almost  in  contact;  the  spot  in  CurCu2  is  shorter  and 
also  deeply  indented  both  proximally  (not  so  in  other  populations)  and 
distally,  and  the  indentations  may  at  times  divide  the  spot  in  two  (in 
one  specimen  the  spot  is  nearly  divided  on  the  right  side  and  fully 
divided  on  the  left,  and  in  several  extreme  specimens  the  spot  is  re- 
duced to  the  anterior  part  only,  a short  linear  streak  lying  along  the 
base  of  Cu^;  the  spot  in  anterior  Cu2-2A  is  small,  usually  less  than  1 
mm  across,  in  extreme  individuals  absent  altogether,  often  rounded, 
and  nearly  always  detached  considerably  from  the  one  costad  (in  Flor- 
ida the  spot  is  large  and  nearly  always  touches  or  overlaps  the  one 
costad;  on  Grand  Bahama,  Great  Abaco,  Andros,  and  Eleuthera  the 
spot  is  moderately  large  and  usually  touches,  but  rarely  overlaps,  the 
one  costad;  on  Cat  Island  and  Rum  Cay  the  spot  averages  slightly 
smaller  still,  and  is  slightly  detached  from  the  one  costad  in  most, 
barely  overlaps  in  one  or  two).  The  spot  in  M.j-Cuj  is  significantly 
reduced  only  in  individuals  that  otherwise  have  extremely  reduced 
spotting,  and  in  that  event  may  be  only  a minute  dot,  as  small  as,  or 
smaller  than,  the  inner  of  the  three  subapical  dots.  A curious  character 
is  that  the  cell  spot  is  placed  slightly  more  distad,  so  that  the  base  of 
interspace  Mg-Cuj  intrudes  between  it  and  the  spot  in  CurCu2,  true 
of  almost  all  individuals  examined,  and  much  less  frequent  elsewhere. 

Fore  wing  lengths  of  various  samples  are  given  in  Table  2.  As  can 
be  seen,  Florida  zestos  is  significantly  larger  than  any  Bahamian  pop- 
ulation, and  females  average  about  1.2  mm  larger  than  males.  Through- 
out the  Bahamas,  including  Great  Inagua,  sizes  vary  only  slightly  from 
one  island  to  another,  males  averaging  about  3.5  mm  smaller  than 
those  of  Florida  (a  considerable  difference,  with  no  observed  overlap), 
and  females  average  somewhat  over  2 mm  larger  than  their  males. 

Remarks. — The  type  locality  of  zestos  given  by  Geyer,  “Surinam,” 
is  false,  but  the  actual  source  of  his  specimen  remains  uncertain. 
Southern  Florida  and  the  Bahamas  may  be  ruled  out  because  he  could 
have  had  access  to  no  material  from  these  places.  He  (or  Hiibner, 
whose  work  Geyer  continued)  described  a number  of  West  Indian 
species  from  Cuban  specimens  (Bates,  1935:68),  but  zestos  does  not 
occur  on  Cuba.  The  only  other  islands  in  the  West  Indies  from  which 
Geyer  or  Hiibner  might  have  received  material  are  Hispaniola  and  one 
or  another  of  the  Lesser  Antilles  (the  type  locality  of  Battus  polydamas 
xenodamas  Hiibner  1825  is  Martinique).  It  is  still  questionable  whether 
or  not  zestos  actually  occurs  on  Hispaniola,  but  it  definitely  occurs  in 
the  Lesser  Antilles,  including  Martinique  (Riley,  1975:157).  We  have 
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Table  2. — Fore  wing  lengths  (mm)  of  various  samples  of  Epargyreus  zestos. 


Males 

Females 

Locality 

N 

Mean 

SD 

N 

Mean 

SD 

Epargyreus  zestos  zestos 

Florida 

13 

27.12 

0.62 

12 

28.29 

1.29 

Grand  Bahama 

9 

23.61 

0.65 

1 

26.5 

— 

Andros  (North,  South) 

6 

24.00 

0.45 

6 

26.42 

1.07 

Cat  Island 

9 

23.06 

0.73 

4 

24.75 

0.50 

Epargyreus  zestos  inaguarum 

Great  Inagua 

7 

22.57 

1.21 

6 

25.08 

1.39 

Providenciales  (Caicos) 

0 

— 

— 

3 

23.67 

0.65 

North  Caicos  (Caicos  Ids) 

2 

23.25 

0.35 

1 

26.0 

— 

seen  no  material  from  Martinique  itself,  and  so  do  not  wish  to  formally 
restrict  the  type  locality  to  that  island.  Riley,  however,  illustrates  a 
specimen  from  Dominica;  we  have  examined  one  from  St.  Lucia  and 
another  from  Puerto  Rico.  All  these  agree  in  presenting  characters,  so 
far  as  can  be  determined,  essentially  as  in  Florida  zestos — the  hyaline 
spots  are  large,  the  one  on  the  costa  is  long,  as  is  the  cell  spot,  and 
the  one  in  anterior  Cu2-2A  is  large,  triangular,  and  overlaps  the  one 
anterior  to  it. 

Two  other  names,  currently  carried  as  synonyms  of  zestos,  must  be 
noted.  The  name  arsaces  Mabille,  1903,  was  based  on  a specimen 
from  St.  Thomas  (Virgin  Islands)  and  is  therefore  an  outright  synonym 
of  zestos.  The  name  oberon  C.  E.  Worthington,  1881,  was  based  on 
specimens  from  Florida  (Marco  Island)  and  is  available  for  the  popu- 
lations of  southern  Florida  and  the  northern  Bahamas,  should  they 
ever  be  deemed  taxonomically  distinct  from  nominate  zestos  from 
Puerto  Rico  and  south. 

In  addition  to  the  type  series,  the  following  material  has  been  seen, 
all  referable  to  inaguarum : Great  Inagua. — one  specimen,  not  further 
localized,  15. i.  1932,  leg.  Armour  Exp.,  MCZ;  Little  Inagua. — North- 
west Point,  10. iv.  1977,  1 6 , leg.  H.  Clench,  CM;  Caicos  Islands. — 
Providenciales  Id.:  Erebus  Hotel  area  (central  north  coast),  30,  31.i, 
l.ii.  1978,  3 9;  North  Caicos  Id.;  Kew,  4.ii.  1978,  1 6,  1 9;  Whitby, 
1 l.ii.  1978,  1 c3:  all  leg.  H.  & M.  Clench,  CM. 

At  times  common,  perhaps  chiefly  in  summer.  Collection  records  on 
Great  Inagua  are  for  January  and  April-June.  Bjorndal  has  seen  it 
commonly  in  July  and  August,  and  notes  that  in  1976  they  first  ap- 
peared following  heavy  May  rains.  The  species  occurs  most  often  in 
coppice,  dense  scrub,  and  open  scrub,  but  has  also  been  found  in 
residential  areas  of  Matthew  Town.  Clench  saw  one— -now  the  holo- 
type- — on  two  mornings  (12,  13. iv.  1977),  visiting  the  Bougainvillea 
flowers  at  The  Main  House.  Bjorndal  has  observed  a particular  pref- 
erence for  the  flowers  of  Avicennia. 
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Ephyriades  brunnea  [subspecies]  Herrich-Schaffer,  1864 

Ephyriades  brunnea  brunnea:  Riley,  1975:175,  pi.  23  fig.  1;  Clench,  19776:281. 

Great  Inagua  (ii-iv,  vi,  vii,  xi,  xii  [seen  all  other  months]). — Matthew  Town  (C  73, 
C 77);  Alfred  Sound  (W);  Flamingo  Camp  (Long  Cay)  (L);  Spoonbill  Ponds;  Calf  Pond 
(all  B 75);  Union  Creek  (B  75,  B 78). 

Little  Inagua  (iii,  iv,  [vii]). — Northwest  Point  (C  76,  C 77);  Royal  Palm  Sink  Holes 
(C  77  [sight]);  en  route  from  western  coast  to  Royal  Palm  Sink  Holes  (C  76;  B 76  [sight]; 
C 77). 

Moderately  common  on  both  islands,  and  apparently  on  the  wing  all 
year.  E.  brunnea  is  most  often  seen  in  coppice,  dense  scrub,  or  open 
scrub,  generally  singly,  and  usually  from  0.5  to  1.5  m above  the 
ground.  It  seems  to  be  particularly  fond  of  the  flowers  of  Galactia  sp. 
(probably  spiciformis ).  On  Little  Inagua  in  April  1977  a number  of 
individuals  were  seen  in  the  Royal  Palm  Sink  Holes  (the  principal  one), 
feeding  at  the  flowers  of  Psychotria  in  the  bottom  of  the  sink  hole — 
the  only  species  of  butterfly  seen  there  at  the  time. 

Ephyriades  zephodes  Hiibner,  1825 

Ephyriades  zephodes : Riley,  1975:174,  text  fig.  14. 

Great  Inagua. — Alfred  Sound,  12. ii.  1909,  1 9 (Worthington). 

Little  Inagua. — not  seen. 

Possibly  a stray  from  Hispaniola.  The  above  female  is  the  only  spec- 
imen known  from  the  island.  It  has  been  compared  carefully  with  spec- 
imens from  Hispaniola  and  agrees  well.  This  individual,  incidentally, 
was  figured  in  Holland  (193 1 :pl.  51  fig.  6)  as  Melanthes  zephodes. 

Pyrgus  oileus  Linnaeus,  1767 

Pyrgus  oileus  oileus:  Riley,  1975:178,  pi.  23  fig.  5. 

Great  Inagua. — Matthew  Town,  26,  30. xi.  1973,  6 6 , 3 9 (Clench). 

Little  Inagua. — not  seen. 

Status  uncertain.  At  the  time  of  his  first  visit  to  Great  Inagua,  Clench 
found  this  species  rather  common  in  the  yards  and  vacant  lots  of  Mat- 
thew Town.  It  had  not  previously  been  taken  on  Great  Inagua  (or 
anywhere  else  in  the  Bahamas),  and  has  not  been  seen  definitely  since. 
Bjorndal  saw  a small  brown  and  white  butterfly  on  three  occasions  in 
1976,  but  was  unable  to  take  any.  They  could  have  been  oileus,  but 
all  these  sightings  were  in  hypersaline  areas  (Salt  Pond  Hill,  Town  Salt 
Pans),  with  which  oileus  is  not  known  otherwise  to  associate,  and 
none  was  seen  close  enough  for  a more  certain  identification.  In  April 
1977  Clench  looked  specifically  for  this  species  in  the  same  yards 
where  he  had  taken  it  in  1973,  but  saw  none. 

Hylephila  phyleus  phyleus  Drury,  1773 

Hylephila  phyleus:  Riley,  1975:185,  pi.  23  fig.  16. 

Hylephila  phyleus  phyleus:  Clench,  19776:282. 
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Great  Inagua  (ii-iv,  vi). — Matthew  Town  (C  76,  C 77);  Alfred  Sound  (W);  Town  Salt 
Pans;  Man  of  War  Bay  (both  B 75);  Union  Creek  (B  75,  B 78). 

Little  Inagua  (iii,  iv,  vii). — Northwest  Point  (near  salina)  (C  76,  C 77);  Southwest 
Point  (C  76);  southern  coast  (B  76). 

Uncommon  and  perhaps  somewhat  erratic  in  appearance.  Most  of 
the  records  are  in  the  spring.  Wary  and  fast  in  flight,  this  can  be  a 
difficult  species  to  collect.  It  flies  low,  occurs  in  open,  often  hyper- 
saline, areas  with  much  bare  ground,  on  which  it  often  perches.  Adults 
feed  at  low  flowers,  particularly  those  of  Sesuvium  and  Stachytarphe- 
ta.  It  seems  to  be  rarer  on  Little  Inagua,  and  more  conspicuously 
associated  there  with  salinas. 

Wallengrenia  species 

Wallengrenia  druryi : Clench,  19776:282. 

Great  Inagua  (ii-iv,  vi,  xi). — Matthew  Town  (C  73);  Airport  (C  77);  Alfred  Sound 
(W);  Man  of  War  Bay  (C  73,  B 75);  Union  Creek  (B  75,  B 78);  Town  Salt  Pans  (B  75); 
Stew  Duck  Pond  (B  78). 

Little  Inagua  (iii,  iv). — Northwest  Point  (C  76);  1 mi  S of  Northwest  Point  (C  77). 

Uncommon  and  rather  local.  Adults  occur  in  open  scrub  and  dense 
scrub,  and  have  been  found  especially  at  flowers  of  Stachytarpheta  in 
small  dry  meadows  in  dense  scrub.  On  Little  Inagua  it  was  found 
mostly  along  the  upper  strand,  particularly  at  the  flowers  of  Malloton- 
ia. 

This  new  species,  soon  to  be  described  by  Jacqueline  Y.  Miller,  has 
been  found  also  on  Grand  Turk  (Turks  Islands)  and  on  Providenciales, 
North  Caicos,  Parrot  Cay,  and  Middle  Caicos  (Caicos  Islands). 

Panoquina  panoquinoides  panoquinoides  Skinner,  1891 

Panoquina  panoquinoides  panoquinoides : Riley,  1975:195,  pi.  24  fig.  15;  Clench, 
19776:282. 

Great  Inagua  (ii-iv,  vi,  [vii,  viii],  xi,  xii). — Matthew  Town  (Salina)  (C  73,  C 76,  C 
77);  Horse  Pond  (B  78);  Alfred  Sound  (W);  Pump  Station;  Union  Creek  (both  B 75). 

Little  Inagua  (iii,  iv,  [vii]). — Northwest  Point  (salina)  (C  76,  C 77);  Southwest  Point 
(salinas)  (C  76,  B 76  [sight]). 

Not  uncommon  and  probably  on  the  wing  all  year  long.  P.  pano- 
quinoides is  often  missed,  however,  because  it  is  small  and  inconspic- 
uous, wary,  and  occurs  in  a habitat  that  is  often  passed  by  as  unpro- 
ductive. It  is  primarily  an  inhabitant  of  salinas  and  other  hypersaline 
areas,  frequently  associated  with  Brephidium  exilis.  It  occurs  generally 
in  clumps  or  stands  of  the  grass  Sporobolus  virginicus,  its  probable 
larval  foodplant.  The  butterfly  often  ranges  to  the  borders  of  such 
areas,  where  it  feeds  at  flowers,  usually  those  of  Sesuvium.  Occasional 
strays  may  range  even  farther  afield.  Its  habits  and  numbers  are  about 
the  same  on  Little  Inagua. 
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Abstract 

Nongeographic  and  interspecific  variation  were  studied  in  Hylomyscus  aeta,  H.  alleni, 
H.  parvus,  and  H.  Stella,  which  are  sympatric  in  southern  Cameroon.  Karyotypes  are 
illustrated  for  the  first  time  for  H.  aeta,  H.  alleni,  and  H.  parvus.  Taxonomic  problems 
within  the  genus,  differences  among  the  species,  diagnostic  characters,  and  the  rela- 
tionships of  these  species  to  other  kinds  of  African  Hylomyscus  are  discussed. 

Introduction  and  Taxonomic  History 

Climbing  wood  mice,  genus  Hylomyscus , inhabit  tropical  forests  in 
Africa  from  near  sea  level  to  more  than  2400  m.  Of  the  eight  species 
presently  recognized  (Misonne,  1974),  three  were  named  and  described 
as  recently  as  1965. 

The  earliest  named  species  referrable  to  Hylomyscus  is  Mas  alleni 
Waterhouse  (1838),  a name  based  on  a juvenile  from  the  island  of 
Fernando  Po  (3°50'N,  8°48'E),  Equatorial  Guinea,  near  the  coast  of 
Cameroon.  In  1904,  Thomas  described  a subadult  as  a topotype  and 
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referred  specimens  from  Efulen  and  Ja  River,  southern  Cameroon,  to 
this  species.  In  1911,  Thomas  described  and  named  Epimys  [now  a 
synonym  of  Rattus  (see  Hollister,  1916)]  Stella  from  eastern  Congo 
[Zaire]  and  referred  the  specimens  from  southern  Cameroon,  which  he 
originally  had  referred  to  E.  alleni,  to  this  new  species.  His  only  cri- 
terion for  separating  E.  Stella  from  E.  alleni  was  size  of  skull.  In  the 
same  paper,  Thomas  named  and  described  E.  aeta,  from  southern 
Cameroon,  based  on  cranial  differences  between  it  and  the  sympatric 
H.  Stella. 

In  1926,  Thomas  assigned  all  the  known  species  of  wood  mice  to  the 
new  genus  Hylomyscus  and  designated  H.  aeta  as  the  type  species. 
Since  that  time,  the  name  Hylomyscus  has  been  either  accorded  ge- 
neric status  (by  Allen,  1939;  Hatt,  1940;  Heim  de  Balzac  and  Aellen, 
1965;  Brosset  et  al.,  1965;  Rosevear,  1966  and  1969;  Eisentraut,  1969), 
relegated  to  the  status  of  a subgenus  of  the  genus  Rattus  (by  Ellerman, 
1941;  Simpson,  1945;  Ellerman  et  al.,  1953),  or  regarded  as  a subgenus 
of  the  genus  Praomys  (by  Misonne,  1974).  Herein,  Hylomyscus  is 
regarded  as  a distinct  genus  pending  further  investigation  of  the  generic 
relationships  of  the  included  species. 

Taxonomic  problems  within  Hylomyscus  have  resulted  from  incom- 
plete definitions  and  inadequate  diagnoses  of  the  included  species,  par- 
ticularly of  H.  alleni  and  H.  Stella.  Several  authors  (Hatt,  1940;  Heim 
de  Balzac  and  Lamotte,  1958;  Heim  de  Balzac  and  Aellen,  1965;  Bros- 
set et  al.,  1965;  Rosevear,  1966  and  1969)  have  attempted  to  rediagnose 
H.  alleni  and  to  determine  both  its  distribution  and  its  relationships 
with  other  species.  Heim  de  Balzac  and  Aellen  (1965)  opted  not  to  use 
the  name  H.  alleni  because  its  holotype  was  a juvenile;  rather,  they 
elevated  H.  a.  simus  Allen  and  Coolidge,  with  type  locality  in  Liberia, 
to  specific  status  and  referred  all  mainland  specimens  previously  iden- 
tified as  H.  alleni  to  H.  simus.  In  1965,  Brosset  et  al.  reported  five 
sympatric  species  of  Hylomyscus  from  Gabon — H.  aeta,  H.  simus,  H. 
Stella,  plus  two  species  (H.  fumosus  and  H.  parvus ) which  they  de- 
scribed as  new.  Eisentraut  (1969)  reported  the  existence  of  three 
species  of  Hylomyscus  {H.  alleni,  H.  aeta,  and  H.  Stella ) on  Fernando 
Po  and  in  adjacent  Cameroon.  Based  on  examination  of  topotypical  H. 
alleni,  he  concluded  that;  1)  H.  alleni  is  conspecific  with  the  western 
and  central  African  species  that  previously  had  been  referred  to  as  H. 
alleni  (which  has  priority)  or  H.  simus ; 2)  H.  Stella  is  a distinct  species, 
which  occurs  sympatrically  with  H.  alleni  and  H.  aeta.  Neither  Bros- 
set et  al.  (1965)  nor  Eisentraut  (1969)  could  find  any  consistent  men- 
sural or  karyotypic  differences  between  H.  Stella  and  H.  alleni ; how- 
ever, they  did  not  attempt  to  identify  and  eliminate  age  and  sexual 
variation.  Rather,  they  differentiated  these  species  by  the  “shorter 
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rostrum”  (no  measurements  given)  and  forward  projecting  incisors  of 
H.  alleni. 

The  objectives  of  this  study,  therefore,  were  to  determine  nongeo- 
graphic variation  (age,  secondary  sexual,  and  individual)  in  these  four 
species  of  Hylomyscus,  to  use  this  information  (together  with  karyo- 
typic data)  to  refine  the  diagnoses,  and  to  discuss  the  differences 
among  these  species  in  southern  Cameroon. 

Three  specimens  of  a fifth  species,  originally  named  as  Hylomyscus 
fumosus  Brosset  et  al.,  1965,  were  collected  in  southern  Cameroon. 
This  species  differs  from  other  Hylomyscus  in  so  many  cranial,  exter- 
nal, and  chromosomal  characters  that  a separate  genus  ( Heimyscus ) 
was  proposed  (Misonne,  1969:125)  for  it  (see  also  Misonne,  1974).  Its 
taxonomic  status  will  be  reviewed  in  a separate  paper. 

Materials  and  Methods 

A total  of  242  specimens,  comprising  seven  species  of  Hylomyscus,  was  examined. 
These  specimens  are  housed  in  the  British  Museum  (Natural  History — BMNH),  Car- 
negie Museum  of  Natural  History  (CM),  The  Museum  of  Texas  Tech  University  (TTU), 
and  the  National  Museum  of  Natural  History  (USNM).  The  collection  (192  specimens) 
of  Hylomyscus  from  southern  Cameroon  (Fig.  1)  housed  in  the  Carnegie  Museum, 
together  with  21  specimens  in  the  British  Museum,  served  as  the  focus  of  this  study; 
the  former  were  collected  by  A.  I.  Good  between  1914  and  1944  and  by  Carnegie  Mu- 
seum field  parties  in  1973,  1974,  and  1978,  and  the  latter  were  collected  by  G.  L.  Bates 
in  the  early  1900s.  Parasites,  standard  karyotypes,  and  live  tissues  were  obtained  from 
specimens  collected  in  1978. 

Each  specimen  was  assigned  to  one  of  five  age  classes  based  on  wear  of  teeth,  ossi- 
fication of  skull,  color  of  pelage,  and  reproductive  condition:  juveniles  (age  class  1) — 
M3  not  fully  erupted;  cranial  sutures  unossified;  dorsal  pelage  dark  gray;  subadults  (2) — 
molars  fully  erupted  with  cusps  showing  little  or  no  wear;  cranial  sutures  unossified; 
dorsal  pelage  showing  at  least  some  brown  on  tips  of  hairs;  young  adults  (3) — all  molars 
showing  wear,  but  enamel  lakes  never  connected;  cranial  sutures  beginning  to  ossify; 
auditory  bullae  showing  some  translucence;  dorsal  pelage  becoming  redder  with  age 
(except  in  H.  parvus );  testes  enlarged  or  other  reproductive  activity  evident;  adults 
(4) — molars  with  enamel  lakes  large,  sometimes  connected  in  M2  and  M3;  cranial  sutures 
completely  or  nearly  ossified;  auditory  bullae  nearly  translucent;  old  adults  (5) — molar 
lakes  completely  connected  and  sometimes  dished;  cranial  sutures  completely  ossified; 
auditory  bullae  translucent;  dorsal  pelage  reddish  brown. 

Cranial  measurements  were  recorded  to  the  nearest  0.1  mm  using  dial  calipers.  The 
14  measurements  (four  external  and  ten  cranial)  used  were:  total  length  (TL);  length  of 
tail  (TA);  length  of  hind  foot,  including  claw  (HF);  length  of  ear  from  notch  (ER); 
greatest  length  of  skull  (GLS);  condylobasal  length  (CBL);  greatest  zygomatic  breadth 
(GZB);  least  interorbital  constriction  (IOC);  length  of  palatal  bridge,  from  posterior 
edge  of  palatine  to  posterior  edge  of  anterior  palatine  foramen  (LPB);  alveolar  length 
of  maxillary  toothrow  (MTR);  greatest  breadth  across  first  upper  molars,  taken  across 
labial  crown  surfaces  of  Mj  (M^Mj);  breadth  of  braincase,  posterior  to  zygomatic 
arches  (BBC);  length  of  anterior  palatine  foramen  (APF);  length  of  diastema,  from 
posterior  surface  of  alveolus  of  upper  incisor  to  anterior  surface  of  alveolus  of  M,  (DST). 
Only  external  measurements  taken  from  the  more  recently  collected  specimens  were 
used. 
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in  this  study:  1)  13  km  S,  8 km  E Ambam,  2°16'N,  1 1°2 1 'E;  2)  Bitye,  Ja  [=Dja]  River, 
3°1Q'N,  12°22'E;  3)  Buea  (Cameroon  Mountain),  4°11'N,  9°12'E;  4)  Ebolowa,  2°54'N, 
1 1°09'E;  5)  Efulen  [=Efoulan],  2°47'N,  10°32'E;  6)  Eseka,  3°38'N,  10°47'E;  7)  Lolodorf, 
3°14'N,  10°44'E;  8)  Metet,  3°23'N,  11°43'E;  9)  Sangmelima,  2°52'N,  12°00'E;  10) 
Yaounde,  3°52'N,  ll°3rE. 
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Univariate  analyses  of  individual,  secondary  sexual,  and  age  variation  in  mensural 
characters  were  conducted  using  the  computer  program  UNIVAR  (Power,  1970).  This 
program  generates  standard  statistics  (arithmetic  mean,  standard  deviation,  standard 
error,  coefficient  of  variation,  and  range)  and  employs  a one-way  analysis  of  variance 
(ANOVA,  F-test)  to  test  for  significant  differences  ( P < 0.05)  among  means.  If  the 
means  differ  significantly,  the  Sums  of  Squares  Simultaneous  Testing  Procedure  (SS- 
STP)  is  employed  to  identify  maximal  nonsignificant  subsets  (Gabriel,  1964).  Additional 
statistical  analyses  were  conducted  with  the  Statistical  Analysis  System  (Barr  et  al., 
1976)  and  were  considered  significant  at  P < 0.05.  Two-way  factorial  ANOVAs  (with 
sex  and  age)  were  conducted  for  each  species  for  each  measurement. 

No  analysis  of  secondary  sexual  variation  was  conducted  for  H.  parvus  and  H.  Stella 
because  of  inadequate  sample  sizes;  thus,  in  these  species,  specimens  in  the  same  age 
group  were  pooled.  When  any  age  or  sex  class  was  not  represented  by  a sample  size 
greater  than  three,  the  individual  measurements  were  recorded  but  those  values  were 
not  used  in  statistical  comparisons. 

A minimum  of  ten  chromosomal  spreads  was  examined  and  counted  from  each  spec- 
imen. Karyotypes  are  described  according  to  Robbins  and  Baker  (1978). 


Results 

Nongeographic  Variation 

Analysis  of  variance  was  used  to  assess  the  extent  of  variability 
associated  with  sex,  age,  and  individual  variation.  Secondary  sexual 
variation  was  determined  in  Hylomyscus  alleni  and  H.  aeta.  Variation 
in  selected  measurements  for  those  species  is  illustrated  in  Tables  1 
and  2. 

Secondary  sexual  variation.- — A single  classification  ANOVA  was 
used  to  test  for  significant  differences  in  mensural  characters  between 
males  and  females  of  age  classes  2,  3,  and  4 for  Hylomyscus  alleni  and 
of  age  classes  3 and  4 for  H.  aeta.  In  H.  alleni,  no  significant  differ- 
ences between  the  sexes  within  any  age  class  were  found  (Table  1). 
However,  males  of  age  class  4 averaged  larger  than  females  for  all 
measurements  except  greatest  zygomatic  breadth,  least  interorbital 
constriction,  length  of  palatal  bridge,  greatest  breadth  across  first  up- 
per molars,  and  breadth  of  braincase  (for  these  measurements,  the 
sexes  did  not  differ).  Conversely,  males  of  age  class  3 averaged  larger 
only  in  length  of  hind  foot  and  females  averaged  larger  for  all  other 
measurements  except  least  interorbital  constriction,  breadth  of  brain- 
case,  length  of  palatal  bridge,  and  length  of  diastema  (in  which  the 
sexes  did  not  differ).  Males  of  age  class  2 averaged  larger  than  females 
in  all  measurements  except  least  interorbital  constriction,  length  of 
palatal  bridge,  and  greatest  breadth  across  first  upper  molars.  In  H. 
aeta  (Table  2),  males  of  age  class  4 averaged  larger  than  females  for 
all  measurements,  and  were  significantly  larger  for  greatest  length  of 
skull,  condylobasal  length,  length  of  palatal  bridge,  and  length  of  di- 
astema; total  length  and  length  of  tail  averaged  10  mm  larger  in  males 
than  in  females.  Males  of  age  class  4 even  averaged  larger  than  females 
of  age  class  5 for  most  measurements,  although  sample  sizes  were  too 
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Table  1. — Age  and  secondary  sexual  variation  in  selected  external  and  cranial  mea- 
surements of  Hylomyscus  alleni  from  Eseka,  Cameroon.  Vertical  lines  in  the  columns 
marked  SS-STP  indicate  nonsignificant  subsets.  If  sample  size  is  less  than  four,  values 
are  given  without  statistical  analyses.  M and  F refer  to  male  and  female,  and  numbers 
in  the  first  column  refer  to  age  classes. 


Sex  and 


age  class 

N 

Mean  ± 2 SE 

Range 

cv 

SS-STP 

M5 

2 

Total  length 
250,  230  — 

F5 

1 

243 

— 

— 

M4 

16 

229.2  ± 4.6 

208-244 

4.0 

I 

F4 

7 

223.3  ± 6.6 

207-232 

3.9 

II 

F3 

10 

215.0  ± 4.2 

208-228 

3.1 

II 

M3 

28 

213.6  ± 4.3 

194-239 

5.4 

I 

M2 

13 

188.8  ± 5.2 

171-200 

4.9 

I 

F2 

10 

179.6  ± 7.1 

164-202 

6.5 

I 

FI 

1 

146 

— 

— 

M5 

2 

Length 
145,  135 

of  tail 

F5 

1 

142 

— 

— 

M4 

16 

133.4  ± 3.7 

118-144 

5.5 

I 

F4 

7 

128.4  ± 4.6 

119-135 

4.7 

II 

F3 

10 

125.6  ± 3.1 

120-132 

3.9 

II 

M3 

28 

125.0  ± 3.2 

107-145 

6.7 

I 

M2 

13 

109.4  ± 4.3 

94-119 

7.1 

I 

F2 

10 

104.6  ± 5.3 

93-120 

8.4 

I 

FI 

1 

81 

— 

— 

M5 

2 

Length  of  hind  foot 
20,  20  — 

F5 

1 

20 

— 

— 

M4 

16 

19.7  ± 0.3 

19-21 

3.1 

I 

F4 

8 

19.4  ± 0.4 

19-20 

2.7 

I 

M3 

28 

19.4  ± 0.2 

18-20 

2.9 

I 

F3 

10 

19.2  ± 0.3 

19-20 

2.2 

II 

M2 

13 

19.0  ± 0.4 

18-20 

3.7 

11 

F2 

10 

18.5  ± 0.3 

18-19 

2.8 

I 

FI 

1 

18 

— 

— 

M5 

2 

Length  of  ear 
16,  15  — 

F5 

1 

16 

— 

— 

M4 

16 

15.1  ± 0.4 

14-17 

5.7 

I 

F4 

8 

15.0  ± 0.5 

14-16 

5.0 

I 

F3 

10 

14.9  ± 0.4 

14-16 

3.8 

I 

M3 

28 

14.6  ± 0.2 

14-16 

4.4 

II 

M2 

13 

13.8  ± 0.3 

13-15 

4.4 

II 

F2 

10 

13.5  ± 0.6 

11-15 

7.7 

I 

FI 

1 

12 

— 

— 
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Table  1. — Continued. 


Sex  and 

age  class 

N 

Mean  ± 2 SE 

Range 

cv 

SS-STP 

Greatest  length  of  skull 

M5 

2 

24.9,  24.5 

— 

— 

F5 

1 

24.9 

— 

— 

M4 

15 

24.8  ± 0.4 

23.6-25.8 

2.8 

I 

F4 

8 

24.5  ± 0.7 

22.7-26.3 

4.3 

II 

F3 

10 

23.6  ± 0.4 

22.8-24.6 

2.8 

II 

M3 

27 

23.5  ± 0.2 

22.0-24.7 

2.6 

I 

M2 

12 

21.5  ± 0.4 

20.8-22.3 

3.0 

I 

F2 

10 

21.0  ± 0.5 

20.5-22.8 

3.2 

I 

FI 

1 

19.5 

— 

— 

Condylobasal  length 

M5 

2 

24.4,  23.5 

. — 

— 

F5 

1 

23.8 

— 

— 

M4 

15 

23.6  ± 0.4 

22.3-24.6 

3.0 

I 

F4 

8 

23.5  ± 0.7 

21.6-24.9 

4.4 

II 

F3 

10 

22.3  ± 0.4 

21.5-23.1 

3.0 

II 

M3 

28 

22.2  ± 0.3 

20.5-23.5 

3.1 

I 

M2 

12 

20.1  ± 0.4 

19.2-21.0 

3.1 

I 

F2 

10 

19.6  ± 0.5 

18.9-21.1 

3.3 

I 

FI 

1 

18.0 

— 

— 

Greatest  zygomatic  breadth 

F5 

1 

12.2 

— 

— 

M5 

2 

11.8,  11.6 

— 

— 

F4 

8 

12.1  ± 3.6 

11.6-13.1 

4.2 

I 

M4 

16 

12.1  ± 1.4 

11.6-12.5 

2.4 

I 

F3 

10 

11.6  ± 3.2 

10.4-12.1 

4.3 

II 

M3 

28 

11.4  ± 1.8 

10.2-12.2 

4.1 

I 

M2 

12 

10.7  ± 2.6 

10.1-11.1 

4.4 

I 

F2 

10 

10.6  ± 2.4 

10.1-11.1 

3.9 

I 

FI 

1 

10.1 

— 

— 

Interorbital  constriction 

F5 

1 

4.5 

— 



M5 

2 

4.3,  4.2 

— 

— 

M4 

16 

4.4  ± 0.05 

4, 2-4. 5 

2.2 

I 

F4 

8 

4.4  ± 0.09 

4. 2-4. 5 

2.9 

I 

F3 

10 

4.3  ± 0.06 

4. 2-4. 5 

2.2 

I 

M3 

28 

4.3  ± 0.05 

4.0-4. 6 

3.2 

I 

M2 

12 

4.1  ± 0.09 

3. 9-4. 3 

3.9 

I 

F2 

10 

4.1  ± 0.09 

4.0-4. 3 

3.6 

I 

FI 

1 

3.9 

— 

— 

Greatest  breadth  M1-M1 

M5 

2 

4.9,  4.5 





F5 

1 

4.9 

— 

i — 

F4 

8 

4.9  ± 0.14 

4. 7-5. 2 

3.9 

I 

M4 

15 

4.9  ± 0.09 

4. 6-5. 2 

3.4 

II 
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Table  1. — Continued. 


Sex  and 
age  class 

N 

Mean  ± 2 SE 

Range 

cv 

SS-STP 

F3 

10 

4.8  ± 0.07 

4. 7-5.0 

2.2 

III 

M3 

27 

4.7  ± 0.05 

4. 5-5.0 

3.0 

II 

M2 

12 

4.6  ± 0.10 

4. 3-4. 9 

3.8 

II 

F2 

10 

4.6  ± 0.14 

4.4-4. 8 

4.1 

I 

FI 

1 

4.4  — 

Breadth  of  braincase 

F5 

1 

10.8 

— 

— 

M5 

2 

10.6,  10.5 

— 

— 

M4 

16 

10.8  ± 0.14 

10.3-11.3 

2.6 

I 

F4 

8 

10.8  ± 0.26 

10.3-11.4 

3.7 

I 

M3 

28 

10.5  ± 0.12 

10.0-11.3 

3.0 

II 

F3 

10 

10.5  ± 0.25 

9.7-11.0 

3.7 

III 

M2 

12 

10.3  ± 0.19 

9.9-10.7 

3.3 

II 

F2 

10 

10.2  ± 0.23 

9.8-10.6 

3.8 

I 

FI 

1 

9.8  — 

Length  of  anterior  palatine  foramen 

M5 

2 

4.5,  4.4 

— 

— 

F5 

1 

4.4 

— 

— 

M4 

16 

4.7  ± 0.12 

4.3-5. 2 

5.3 

I 

F4 

8 

4.6  ± 0.27 

3.9-5. 2 

8.2 

II 

F3 

10 

4.4  ± 0.13 

4. 2-4. 7 

4.5 

III 

M3 

28 

4.4  ± 0.05 

4. 1-4.6 

2.8 

II 

M2 

12 

4.2  ± 0.14 

3. 7-4. 6 

6.2 

II 

F2 

10 

4.0  ± 0.16 

3. 7-4. 4 

6.1 

I 

FI 

1 

3.4  - 

Length  of  diastema 

M5 

2 

7.4 , 7.3 

__ 

— 

F5 

1 

7.3 

— 

— 

M4 

15 

7.3  ± 0.14 

6. 7-7. 7 

3.7 

I 

F4 

8 

7.2  ± 0.27 

6. 5-7. 7 

5.3 

I 

M3 

28 

6.7  ± 0.09 

6. 3-7. 2 

3.5 

I 

F3 

10 

6.7  ± 0.25 

6. 2-7. 3 

6.0 

I 

M2 

12 

6.1  ± 0.10 

5. 7-6.3 

3.0 

I 

F2 

10 

5.9  ± 0.13 

5. 5-6.3 

3.5 

I 

small  to  test  for  significant  differences.  Males  of  age  class  3 averaged 
larger  than  females  for  all  measurements  except  length  of  ear  from 
notch,  length  of  hind  foot,  greatest  breadth  across  first  upper  molars, 
and  length  of  anterior  palatine  foramen  (for  these  measurements,  fe- 
males averaged  larger).  The  two-way  factorial  ANOVA  in  H.  alleni 
indicated  that  secondary  sexual  variation  was  insignificant,  in  all  mea- 
surements, when  variation  caused  by  age  was  eliminated  as  a factor. 
Analysis  of  H.  aeta  showed  that  variation  caused  by  sex  was  a sig- 
nificant factor  only  in  one  measurement,  length  of  palatal  bridge. 


1980 


Robbins  et  al. — Variation  in  Hylomycus 


39 


Table  2. — Age  and  secondary  sexual  variation  in  selected  cranial  measurements  of 
Hylomyscus  aeta  from  southern  Cameroon.  Vertical  lines  in  columns  marked  SS-STP 
indicate  nonsignificant  subsets.  If  sample  size  is  less  than  four,  values  are  given  without 
statistical  analyses,  ns  means  no  significant  differences,  M and  F refer  to  male  and 
female,  and  numbers  in  the  first  column  refer  to  age  classes. 


Sex  and 
age  class 

N 

Mean  ± 2 SE 

Range 

cv 

SS-STP 

Greatest  length  of  skull 

M4 

3 

28.1,  27.7, 

— 

— 

21 A 

F5 

3 

27.4,  26.9, 

— 

— 

26.5 

M3 

10 

26.0  ± 0.6 

24.5-27.5 

3.9 

ns 

F4 

7 

25.8  ± 0.4 

25.1-26.8 

2.2 

F3 

10 

25.7  ± 0.5 

24.1-26.8 

3.2 

F2 

1 

23.7 

— 

— 

M2 

1 

23.3 

— 

— 

Condylobasal  length 

M4 

3 

26.3,  26.2, 

— 

— 

26.0 

F5 

2 

25.4,  25.3 

— 

— 

F4 

7 

24.3  ± 0.4 

23.7-25.1 

2.2 

M3 

8 

24.2  ± 0.8 

22.7-26.2 

4.7 

ns 

F3 

8 

24.1  ± 0.7 

22.4-25.5 

4.2 

F2 

1 

22.0 

— 

— 

M2 

1 

21.3 

— 

— 

Interorbital  constriction 

F5 

3 

4.8,  4.7, 

— 

— 

4.6 

M4 

4 

4.8  ± 0.26 

4.5-5. 1 

5.4 

I 

M3 

10 

4.6  ± 0.10 

4. 3-4.8 

3.5 

II 

F3 

12 

4.6  ± 0.09 

4. 2-4. 8 

3.3 

II 

F4 

8 

4.5  ± 0.11 

4. 2-4. 6 

3.5 

I 

F2 

1 

4.5 

— 

— 

M2 

1 

4.4 

----- 

— 

Length  of  diastema 

F5 

3 

8.0,  7.8, 

— 

_ 

7.5 

M4 

4 

7.9  ± 0.37 

7.4-8. 3 

4.7 

I 

F4 

8 

7.3  ± 0.12 

7. 0-7. 6 

2.4 

I 

M3 

10 

7.3  ± 0.22 

6. 7-7. 7 

4.7 

I 

F3 

12 

7.1  ± 0.15 

6. 5-7. 5 

3.7 

I 

F2 

1 

6.7 

— 

— 

M2 

1 

6.3 

— 

— 

Variation  with  age. — Males  and  females  of  Hylomyscus  alleni  of  age 
classes  2,  3,  and  4 were  grouped  according  to  age.  The  ANOVA  and 
SS-STP  (results  not  illustrated)  indicated  that  the  three  age  classes 
differed  significantly  ( P < 0.05)  for  total  length,  length  of  tail,  length 


40 


Annals  of  Carnegie  Museum 


vol.  49 


of  ear  from  notch,  greatest  length  of  skull,  condylobasal  length,  great- 
est zygomatic  breadth,  greatest  breadth  across  first  upper  molars, 
length  of  anterior  palatine  foramen,  and  length  of  diastema,  and  that 
age  class  2 was  significantly  smaller  than  age  classes  3 and  4 for  least 
interorbital  constriction  and  length  of  palatal  bridge.  There  were  no 
significant  differences  for  length  of  hind  foot,  alveolar  length  of  max- 
illary toothrow,  and  breadth  of  braincase.  Age  and  sex  classes  are 
compared  separately  for  H.  alleni  in  Table  1 . Although  sample  size  is 
low  for  age  class  5,  the  measurements  are  within  the  range  for  all 
measurements  in  age  class  4.  The  one  specimen  from  age  class  1 is 
smaller  for  all  measurements  than  are  those  from  age  class  2.  Age  was 
found  to  be  the  major  source  of  variation  in  all  measurements  of  H. 
alleni , and  in  greatest  length  of  skull,  condylobasal  length,  greatest 
breadth  across  first  upper  molars,  and  length  of  diastema  of  H.  aeta. 
In  all  other  measurements,  except  length  of  palatal  bridge,  the  major 
source  of  variation  could  not  be  determined. 

Table  2 shows  variation  in  selected  measurements  for  H.  aeta  \ sig- 
nificant variation  was  found  between  age  classes  3 and  4 for  all  cranial 
measurements  except  least  interorbital  constriction  and  alveolar  length 
of  maxillary  toothrow.  Hylomyscus  parvus  averaged  larger  with  in- 
creased age  for  all  measurements,  although  sample  sizes  for  age  classes 

3 and  5 were  insufficient  for  statistical  analyses  and  no  specimens  were 
available  for  age  classes  1 and  2.  In  H.  stella , specimens  of  age  class 

4 were  significantly  larger  than  those  of  age  class  3 for  all  cranial 
measurements  except  least  interorbital  constriction  and  breadth  of 
braincase.  Only  three  specimens  from  age  class  2 were  available,  and 
these  were  smaller  than  specimens  of  age  class  3 for  all  cranial  mea- 
surements. 

Individual  variation. — Coefficients  of  variation  were  used  as  a mea- 
sure of  individual  variation.  CVs  for  all  cranial  measurements  were 
within  the  ranges  reported  for  other  small  rodents  (Long,  1968).  High- 
est CVs  were  found  in  external  measurements,  in  length  of  anterior 
palatine  foramina,  in  younger  animals,  and  in  small  samples. 

Variation  Among  Species 

Mean,  range,  and  sample  size  for  each  character  for  the  four  species 
of  Hylomyscus  are  given  for  age  class  4 in  Table  3.  Sample  sizes  for 
other  age  classes  were  too  small  for  meaningful  comparison,  but  those 
data  are  on  file  in  the  Museum  of  the  High  Plains  and  will  be  provided 
upon  request.  Hylomyscus  parvus  is  significantly  smaller  (P  < 0.05) 
than  the  other  three  species  in  total  length,  length  of  tail,  greatest 
length  of  skull,  condylobasal  length,  greatest  zygomatic  breadth,  least 
interorbital  constriction,  alveolar  length  of  maxillary  toothrow,  great- 
est breadth  across  first  upper  molars,  breadth  of  braincase,  length  of 
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Table  3 —Means  and  ranges  for  14  measurements  of  four  species  of  Hylomyscus  in 
age  class  4.  Sample  sizes  are  in  parentheses.  Abbreviations  for  measurements  are  given 

in  Materials  and  Methods. 


Measure- 

ment 

Hylomyscus 

parvus 

Hylomyscus 

aeta 

Hylomyscus 

alleni 

Hylomyscus 

stella 

TL 

190.1  (8) 

223.5  (7) 

228.5  (23) 



180-203 

210-241 

207-244 

237  (1) 

TA 

114.5  (8) 

127.5  (7) 

131.3  (23) 

— 

105-124 

115-142 

118-144 

140  (1) 

HF 

18.8  (8) 

20.3  (7) 

19.6  (24) 

— 

18-19 

19-22 

19-21 

19(1) 

ER 

14.5  (8) 

14.9  (7) 

15.0  (24) 

— 

14-15 

14-16 

14-17 

15  (1) 

GLS 

20.7  (7) 

26.4  (10) 

24.7  (23) 

25.6  (8) 

20.0-21.2 

25.1-28.1 

22.7-26.3 

24.5-27.0 

CBL 

19.7  (8) 

24.9  (10) 

23.5  (23) 

24.0  (8) 

18.7-20.4 

23.7-26.3 

21.6-24.9 

22.4-26.0 

GZB 

10.7  (8) 

13.3  (12) 

12.1  (24) 

12.0(6) 

10.3-11.1 

12.5-15.0 

11.6-13.1 

11.7-12.2 

IOC 

3.9(8) 

4.6  (12) 

4.4  (24) 

4.4  (8) 

3.8-4. 1 

4.2-5. 1 

4.2-4. 5 

4. 2-4. 7 

LPB 

4.1  (8) 

4.7(12) 

4.5  (23) 

4.4  (6) 

3. 9-4. 4 

4.4-5. 2 

4. 2-4. 9 

-k 

oo 

MTR 

2.9(8) 

4.3  (12) 

3.6(23) 

3.6  (6) 

2. 8-3.0 

4. 1-4.5 

3.4-3. 8 

3.4-3. 7 

Mj-Mj 

4.1  (8) 

5.3  (10) 

4.9  (23) 

4.9  (5) 

4. 0-4. 3 

5. 1-5.7 

4. 6-5. 2 

4. 8-5.0 

BBC 

9.4  (8) 

11.8  (12) 

10.8  (24) 

11.1  (8) 

9. 1-9.7 

10.9-12.5 

10.3-1 1.4 

10.7-11.5 

APF 

3.9  (8) 

5.2(12) 

4.7  (24) 

4.9  (8) 

3. 5-4. 2 

4. 7-5. 9 

3. 9-5. 2 

4. 3-5. 2 

DST 

5.9(8) 

7.5  (12) 

7.2  (23) 

7.3  (8) 

5.6-6. 1 

7. 0-8. 3 

6. 5-7. 7 

6. 9-7. 6 

anterior  palatine  foramen,  and  length  of  diastema.  Hylomyscus  aeta 
is  significantly  larger  than  the  other  species  in  greatest  zygomatic 
breadth,  alveolar  length  of  maxillary  toothrow,  and  greatest  breadth 
across  first  upper  molars,  and  averages  slightly  (but  not  significantly) 
larger  in  greatest  length  of  skull,  condylobasal  length,  breadth  of  brain- 
case,  and  length  of  anterior  palatine  foramen.  No  significant  mensural 
differences  were  found  between  H.  alleni  and  H.  stella. 

Karyotypes  were  prepared  for  all  four  species  (Figs.  2 and  3).  The 
karyotype  of  a female  of  H.  stella  (Fig.  2A)  from  Ambam  is  charac- 
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Fig.  2. — Karyotypes  of  Hylomyscus.  A — H.  Stella , female,  from  13  km  S,  8 km  E 
Ambam  (CM);  B — H.  alleni , male,  from  13  km  S,  8 km  E Ambam  (CM). 


terized  by  a diploid  number  (2N)  of  46  and  shows  13  pairs  of  biarmed 
autosomes  (ranging  from  large  to  small),  nine  pairs  of  acrocentric  auto- 
somes  (one  large  and  the  others  medium  to  small),  and  a large  sub- 
metacentric  X.  The  Y chromosome  in  H.  Stella  was  described  by 
Matthey  (1963)  as  either  a small  subtelocentric  or  a small  acrocentric. 


1980 


Robbins  et  al.— Variation  in  Hylomycus 


43 


ftflAftABAA 

AA  AfvftK  AA 

AA  AX  IA  «*  * a 

AAAAAft 

#«»#%  #*A  MA  4 


iU 

X Y 
2 N-46 
F N=70 


A 


KAAAaaimA 

AA  A%  3f«*  KA 

4ft' A A A HH  ft  ft  A ft  aa 


n<i  mho 


X Y 


2N=54 
F N-86 


ftA 


B 


Fig.  3. — Karyotypes  of  Hylomyscus.  A — H.  parvus,  male,  from  13  km  S,  8 km  E Ambam 
(CM);  B — H.  aeta,  male,  from  Buea  (CM). 


He  reported  different  karyotypes  from  two  specimens  from  the  same 
locality  in  the  Republic  of  the  Congo.  The  karyotype  in  Fig.  2A  cor- 
responds to  his  ‘"large  form,”  which  had  a small  subtelocentric  Y. 

Karyotypes  of  24  (18  male  and  six  female)  specimens  of  H.  cilleni 
from  three  localities  (1,  6,  and  10,  Fig.  1)  were  characterized  by  a 
diploid  number  of  46,  consisting  of  12  or  13  pairs  of  biarmed  autosomes 
(ranging  from  large  to  small)  plus  nine  or  10  pairs  of  acrocentric  auto- 
somes (Fig.  2B).  The  largest  pair  of  acrocentrics  has  a short  arm  in 
some  preparations.  The  X is  a large  subtelocentric  and  the  Y is  a small 
submetacentric. 

Karyotypic  preparations  from  five  (four  male  and  one  female)  spec- 
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imens  of  H.  parvus  from  two  localities  (1  and  6,  Fig.  1)  in  Cameroon 
had  a diploid  number  of  46  with  13  pairs  of  biarmed  autosomes  (ranging 
from  large  to  small)  plus  nine  pairs  of  medium  to  small  acrocentric 
autosomes  (Fig.  3A).  The  X is  a large  subtelocentric  and  the  Y is  a 
small  subtelocentric.  One  small  pair  of  acrocentrics  appears  fused,  but 
this  is  an  artifact  of  preparation  and  is  not  typical  of  other  spreads. 

The  karyotypes  of  two  male  specimens  of  H.  aeta  from  two  local- 
ities (3  and  10,  Fig.  1)  in  Cameroon  were  characterized  by  a diploid 
number  of  54,  consisting  of  17  pairs  of  biarmed  autosomes,  nine  pairs 
of  acrocentric  autosomes,  a large  subtelocentric  X,  and  a small  sub- 
metacentric  Y (Fig.  3B). 


Discussion 

Secondary  sexual  variation  is  not  often  a significant  source  of  men- 
sural variability  in  small  rodents.  In  H.  alleni,  for  example,  secondary 
sexual  variation  is  not  significant  in  different  age  classes.  The  results 
of  the  two-way  factorial  ANOVA  for  H.  aeta  indicated  that  secondary 
sexual  variation  was  not  a significant  factor,  but  data  presented  in 
Table  2 show  that  this  source  of  variation  becomes  apparent  in  age 
class  IV.  Thus,  secondary  sexual  variation  may  be  an  important  source 
of  variation  when  only  adults  are  considered.  Because  of  this,  pooling 
of  sexes  results  in  a lower  level  of  resolution  when  comparing  H.  aeta 
to  the  other  species  (Table  3).  Likewise,  mensural  variation  with  age 
must  be  considered  in  taxonomic  studies  of  Hylomyscus.  Maximal  size 
has  been  achieved  by  most  animals  referrable  to  age  class  4,  and  age 
classes  4 and  5 probably  can  be  pooled  for  comparisons  among  species. 

Only  H.  parvus  is  readily  distinguishable  among  the  four  species 
using  mensural  characters  alone.  If  skulls  are  available,  H.  aeta  can 
be  distinguished  easily  from  H.  alleni  and  H.  Stella  using  dental  and 
cranial  characters  discussed  in  the  diagnoses.  However,  distinguishing 
between  H.  alleni  and  H.  Stella  remains  difficult.  External  and  cranial 
measurements  can  be  used  only  as  an  indication,  and  shape  of  skull 
and  angle  of  incisors  are  diagnostic  only  within  the  geographic  region 
considered  by  this  study;  these  cranial  and  dental  differences  are  less 
pronounced  if  specimens  of  H.  stella  are  examined  from  Zaire  where 
H.  alleni  does  not  occur,  or  if  H.  alleni  is  examined  from  western 
Africa  where  H.  stella  does  not  occur.  Accordingly,  the  cranial  and 
dental  differences  in  sympatric  populations  of  H.  alleni  and  H.  stella 
may  be  the  result  of  character  displacement. 

Karyotypic  differences  may  prove  to  be  the  key  to  accurate  sepa- 
ration of  these  species.  Hylomyscus  aeta  can  be  distinguished  readily 
from  the  other  three  species  because  of  differences  in  both  diploid 
number  and  fundamental  number  (number  of  autosomal  arms).  Hylo- 
myscus parvus  exhibits  both  mensural  and  karyotypic  features  which 
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facilitate  identification;  karyotypically  it  is  the  only  one  of  the  four 
species  having  no  large  acrocentric  autosomes.  The  karyotypes  of  H. 
alleni  and  H.  Stella  differ  principally  in  fundamental  number — FN  = 
68  in  alleni , FN  = 70  in  Stella. 

The  microhabitats  preferred  by  the  four  sympatric  species  of  Hy- 
lomyscus  are  unknown.  All  four  were  caught  in  the  same  trapline,  both 
on  the  ground  and  in  trees  and  bushes,  at  Ambam.  Moreover,  H.  aeta, 
H.  alleni , and  H.  parvus  were  caught  in  the  same  traps  on  different 
days  in  trees  near  Eseka. 

Based  on  morphology,  the  Hylomyscus  of  Africa  can  be  divided  into 
three  species  groups.  The  H.  aeta  group  includes  H.  aeta  in  central 
Africa,  H.  baeri  Heim  de  Balzac  and  Aellen  in  western  Africa,  H. 
carillus  (Thomas)  in  Angola,  and  H.  denniae  (Thomas)  in  eastern  Af- 
rica. This  group  is  characterized  by  the  presence  of  a broad,  wedge- 
shaped  interorbital  area,  supraorbital  ridges,  relatively  large  molars, 
and  less  fragile  skulls.  The  H.  alleni  group  includes  H.  alleni  in  central 
and  western  Africa  and  H.  Stella  in  central  and  east-central  Africa. 
This  group  is  characterized  by  the  presence  of  a biconcave  interorbital 
area  and  narrow  incisors  and  molars.  The  H.  parvus  group  includes 
only  H.  parvus , in  central  Africa,  characterized  by  its  small  size,  in- 
flated braincase,  and  pro-odont  incisors.  Standard  karyotypes  pre- 
pared for  this  study  show  that  H.  aeta  differs  appreciably  more  from 
representatives  of  the  alleni  and  parvus  groups  than  do  representatives 
of  those  groups  from  each  other.  Additional  karyotypic  studies  (em- 
ploying banding  techniques)  and  electrophoretic  analyses  may  lead  to 
a better  understanding  of  the  relationships  among  these  species  and 
species  groups. 

Following  are  diagnoses  and  descriptions  of  adult  specimens  of  the 
four  species  of  Hylomyscus  where  they  occur  sympatrically  in  south- 
ern Cameroon. 


Hylomyscus  aeta  (Thomas) 

Type  locality.— Bitye,  Ja  [=Dja]  River,  Cameroon. 

Distribution. — Forests  of  Cameroon,  Fernando  Po,  Gabon,  Republic 
of  the  Congo,  Zaire,  and  western  Uganda  (Misonne,  1974). 

Description. — Color  of  dorsum  in  adults  buffy  brown  to  reddish 
brown;  buffy  line  separating  white-tipped  ventral  pelage  from  dorsal 
pelage;  juvenile  pelage  black  to  grayish-brown;  basal  color  of  dorsal 
and  ventral  pelage  gray;  interorbital  region  broad  with  well  defined 
supraorbital  ridges  extending  across  parietals;  frontal  region  wedge- 
shaped. 

Diagnosis. — Length  of  maxillary  toothrow  greater  than  4.0  mm;  up- 
per incisors  opistodont  (projecting  posteriorly);  skull  illustrated  by 
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Heim  de  Balzac  and  Aellen  (1965:717-719);  mammae  lp,  2i  = 6; 
karyotype  2N  = 54,  FN  = 86. 

Hylomyscus  parvus  Brosset,  Dubost,  and  Heim  de  Balzac 

Type  locality. — Belinga,  Gabon. 

Distribution. — Forests  of  Gabon,  Republic  of  the  Congo,  and  Cam- 
eroon. 

Description. — Color  of  dorsum  in  adults  chocolate  brown,  not  no- 
ticeably reddish;  tips  of  ventral  pelage  pale  brown;  juvenile  pelage 
black  to  grayish-brown;  basal  color  of  dorsal  and  ventral  pelage  gray; 
skull  lightly  built;  braincase  large  and  rounded. 

Diagnosis. — Smallest  species  of  Hylomyscus ; total  length  less  than 
205  mm;  greatest  length  of  skull  less  than  22.0  mm;  greatest  zygomatic 
breadth  less  than  11.5  mm;  alveolar  length  of  maxillary  toothrow  less 
than  3.2  mm;  breadth  of  braincase  less  than  17.0  mm;  upper  incisors 
markedly  pro-odont  (projecting  forward);  skull  illustrated  by  Brosset 
et  al.  (1965:149-150);  mammae  lp,  2i  = 6;  karyotype  2N  P 46,  FN 
= 70. 


Hylomyscus  Stella  (Thomas) 

Type  locality. — Ituri  Forest  between  Mawambi  and  Avakubi,  north- 
eastern Congo  [Zaire]. 

Distribution. — Isolated  forests  of  Kenya  and  Uganda  westward  to 
Nigeria. 

Description. — Color  of  dorsum  in  adults  dark  reddish-brown,  chang- 
ing to  paler  reddish-brown  in  old  adults;  tips  of  ventral  pelage  white; 
juvenile  pelage  black  to  grayish-brown;  basal  color  of  dorsal  and  ven- 
tral pelage  gray;  interorbital  constriction  biconcave. 

Diagnosis. — Length  of  maxillary  toothrow  between  3.4  and  3.8  mm; 
upper  incisors  slightly  opistodont;  nasals  projecting  anterior  to  pre- 
maxilla and  incisors;  skull  illustrated  by  Brosset  et  al.  (1965:157-158); 
mammae  2p,  2i  = 8;  karyotype  2N  = 46,  FN  = 70. 

Hylomyscus  alleni  (Waterhouse) 

Type  locality. — Fernando  Po,  Equatorial  Guinea. 

Distribution.- — Forests  and  galleries  from  Central  African  Republic 
and  Gabon  westward  to  Guinea. 

Description. — Color  of  pelage  and  shape  of  skull  as  in  H.  Stella. 

Diagnosis. — All  mensural  characters  as  in  H.  Stella ; upper  incisors 
slightly  pro-odont;  premaxilla  and/or  incisors  projecting  anterior  to  tip 
of  nasals;  skull  illustrated  by  Brosset  et  al.  (1965:149-150);  mammae 
2p,  2i  = 8;  karyotype  2N  = 46,  FN  = 68. 
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Specimens  Examined 

Hylomyscus  aeta. — Cameroon:  13  km  S,  8 km  E Ambam,  1 (CM);  Bitye,  Ja  [ = Dja] 
River,  9,  including  the  holotype  (BMNH);  Buea,  Cameroon  Mtn.,  2 (CM);  Efulen 
[=Efoulan],  10  (CM);  Eseka,  12  (CM);  Lolodorf,  4 (CM);  Metet,  1 (CM);  Sangmelima, 
1 (CM);  Yaounde,  2 (CM). 

Hylomyscus  alleni. — Cameroon:  13  km  S,  8 km  E Ambam,  14  (CM);  30  km  W 
Bertoua,  2 (TTU);  Eseka,  95  (CM);  Lolodorf,  3 (CM);  30  km  N,  40  km  E Obala,  10 
(CM);  2 km  W Saa,  1 (TTU);  Yaounde,  4 (CM).  Central  African  Republic:  10  km 
N M’Baiki,  2 (CM).  Dahomey:  Ayitedjou,  1 (USNM).  Equatorial  Guinea:  Fernando 
Po,  2,  including  the  holotype  (BMNH).  Ghana:  Ahiriso,  4 (USNM);  1 mi  N Berekuso, 
1 (USNM);  Butre,  1 (USNM).  Togo:  Agou,  6 (USNM). 

Hylomyscus  Stella.— Cameroon:  13  km  S,  8 km  E Ambam,  1 (CM);  Bitye,  8 (BMNH); 
Ebolowa,  1 (CM);  Efulen  [=Efoulan],  9 (8  CM,  1 BMNH);  Lolodorf,  4 (CM);  30  km  E 
Nanga-Eboko,  2 (TTU);  Metet,  1 (CM);  Sangmelima,  1 (CM).  Rwanda:  1 10  km  W 
Butare,  1 (CM).  Zaire:  Ituri  Forest,  the  holotype  (BMNH);  120  km  W Mambassa,  4 
(CM). 

Hylomyscus  parvus. — Cameroon:  13  km  S,  8 km  E Ambam,  4 (CM);  Ebolowa,  1 
(CM);  Eseka,  10  (CM). 

Hylomyscus  baeri. — Ghana:  Kade,  1 (USNM).  Ivory  Coast:  Blekoum,  2 (USNM). 

Hylomyscus  carillus. — Angola:  the  holotype  (BMNH). 

Hylomyscus  denniae. — Kenya:  Mount  Kenya,  7 (USNM). 

“Heimyscus”  fumosus. — Cameroon:  13  km  S,  8 km  E Ambam,  2 (CM);  Eseka,  1 
(CM). 
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Abstract 

Acanthodes  lundi  is  the  first  species  of  the  genus  recognized  from  the  Mississippian 
of  North  America.  It  is  characterized  by  a mosaic  of  angular,  tightly  bound  tesserae  on 
the  head;  position  of  the  autopalatine  ossification,  which  does  not  reach  over  the  pos- 
terior end  of  the  mentomandibular;  expansion  of  the  mentomandibular  into  a knob  hous- 
ing a large  symphysial  pit;  weakly  developed  articular  knob  of  the  ceratohyal;  tooth-like 
gill  rakers  with  well-ornamented  blades  and  unexpanded  or  only  slightly  expanded  bases; 
hyomandibular  rakers  which  are  longer  than  those  on  the  ceratohyal;  and  by  the  squa- 
mation  development  and  the  ossification  of  the  endoskeleton,  which  were  more  rapid 
than  in  other  Acanthodes  species  with  known  ontogenies.  The  morphology  of  the  au- 
topalatine ossification  rules  out  the  possibility  of  a palatoquadrate  commissure  having 
been  present.  The  mentomandibular  knob  with  a large  symphysial  pit  indicates  the 
existence  of  a basimandibular  element.  Associated  coprolites  are  described  as  true  ex- 
creta and  one  type  of  them  is  tentatively  assigned  to  A.  lundi.  It  is  suggested  that  A. 
lundi  was  primarily  macrophagous. 

Introduction 

Specimens  of  Acanthodes  were  collected  in  1971-1978  by  Richard 
Lund,  Adelphi  University,  and  John  R.  Horner,  Princeton  University, 
from  the  Heath  paper  shale  of  the  Heath  Formation,  and  by  William 
G.  Melton,  University  of  Montana,  from  the  Bear  Gulch  Limestone 
Member  of  the  Heath  Formation,  at  localities  between  Heath  and 
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Beckett,  Fergus  County,  central  Montana.  The  stratigraphy  of  the  col- 
lecting area  was  discussed  in  connection  with  the  description  of  faunal 
elements,  sedimentology,  and  depositional  history  of  the  Bear  Gulch 
Limestone  by  Melton  (1969,  1971),  Melton  and  Scott  (1973),  Scott 
(1973),  Schram  and  Horner  (1978),  Williams  (1979),  and  Horner  (1980), 
and  of  the  Heath  shales  (Heath  Shale  in  previous  terminology)  by 
Schram  and  Schram  (1974),  and  Horner  (1980).  Melton  and  Scott 
(1973)  regarded  the  Heath  Shale  as  Upper  Mississippian,  and  the  Bear 
Gulch  Limestone  as  Lower  Pennsylvanian  in  age,  but  Scott  (1973)  and 
Horner  (1980)  date  both  as  uppermost  Mississippian.  According  to 
Williams  (1979)  and  Horner  (1980),  the  Heath  Formation  is  the  upper- 
most unit  of  the  Big  Snowy  Group  and  is  unconformably  overlain  by 
the  Pennsylvanian  Tyler  Formation  of  the  Amsden  Group.  The  Heath 
Formation  can  be  divided  into  (ascending)  Beckett,  Bear  Gulch,  and 
Surenough  members,  which  form  lenticular  bodies  of  carbonate  sedi- 
ments within  the  black  shales  of  the  formation.  The  fossil  content 
indicates  marine  origin  for  all  the  shales  except  the  Acanthodes -bear- 
ing paper  shale,  which  is  a freshwater  deposit  situated  westward  of, 
and  correlative  with,  the  Beckett  lentil.  The  term  “Heath  shale  Acan- 
thodes , ” used  throughout  this  paper  for  brevity,  is  invariably  meant 
to  refer  to  the  specimens  of  Acanthodes  from  the  freshwater  paper 
shale  on  the  stratigraphic  level  of  the  Beckett  Member. 

The  Bear  Gulch  Limestone  specimens  of  Acanthodes  are  deposited 
in  the  Carnegie  Museum  of  Natural  History  and  at  the  University  of 
Montana.  Although  acanthodian  remains  apparently  are  not  uncom- 
mon in  the  Bear  Gulch,  their  preservation  is  exceedingly  fragmentary. 
I have  examined  the  best  preserved  Bear  Gulch  specimens,  UM  2958, 
UM  5535,  and  CM  30667.  Of  these  UM  5535  is  the  most  complete,  but 
even  it  consists  of  only  disrupted  flank  squamation,  fragmentary  tail, 
displaced  pectoral  spine,  and  an  incomplete  anal  spine.  It  has  an  es- 
timated total  length  of  about  400  mm.  Though  UM  5535,  as  well  as 
other  Bear  Gulch  specimens  in  CM  and  UM  collections,  can  be 
safely  assigned  to  Acanthodes,  they  are  specifically  indeterminate.  All 
hitherto  known  autochthonous  occurrences  of  Acanthodes  come  from 
freshwater  depositional  environments,  lacustrine,  fluvial,  and  fluvial- 
deltaic  (top-set  depositional  area)  in  character.  Since  the  environment 
of  deposition  of  the  Bear  Gulch  was  near-shore  marine  (Schram  and 
Horner,  1978;  Williams,  1979;  Horner,  1980),  it  may  be  assumed  that 
the  specimens  of  Acanthodes  were  transported  into  it  from  streams 
postmortem,  and  their  fragmentary  preservation  thus  is  not  at  all  sur- 
prising. Because  no  aspect  of  morphology  is  either  worth  mentioning 
or  can  be  satisfactorily  described,  the  Bear  Gulch  specimens  are  not 
given  further  consideration  in  this  paper. 

According  to  W.  D.  Matthew’s  principle  (Simpson,  in  Matthew  and 
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Paula  Couto,  1959:51;  see  also  Baird,  1964:3),  “in  a collection  of  uni- 
fied origin  . . . congeneric  animals  will  generally  be  of  a single  species, 
or,  if  they  are  of  more  than  one  species,  the  discontinuity  between  the 
groups  will  be  large  and  evident.  In  such  a collection,  then,  in  the 
absence  of  fairly  obvious  discontinuity,  the  variation  within  a genus 
should  usually  be  taken  as  intraspecific.”  The  Heath  shale  Acanthodes 
specimens  conform  to  Matthew’s  principle  and  for  this  reason  they  are 
assigned  to  a single  species,  A.  lundi,  described  here  for  the  first  time. 
It  is  the  first  Acanthodes  species  recognized  from  deposits  of  Missis- 
sippi age  in  North  America.  The  Heath  shale  collection  contains  a 
number  of  coprolites  which  are  also  described. 

The  Acanthodes -bearing  paper  shale  is  a dark  green  to  black,  very 
thinly  laminated  petroliferous  shale,  and  the  specimens  are  softer  than 
the  matrix.  Many  specimens  are  contained  within  the  individual  shale 
laminae  and  therefore  can  be  seen  only  as  silhouettes  under  the  matrix; 
these  have  been  prepared  using  Electro-Stylus  and  X-ACTO  knives. 
The  shale  is  quite  soft,  and  it  thus  proved  possible  to  expose  some 
morphological  features  and  dimensions  that  would  be  difficult  to  as- 
certain from  X-ray  prints. 

I would  like  to  express  gratitude  to  Richard  Lund  of  Adelphi  University,  Garden  City, 
New  York,  for  drawing  my  attention  to  the  Heath  shale  and  Bear  Gulch  Limestone 
collections.  Thanks  are  also  extended  to  Mary  R.  Dawson  and  David  S Berman  of  the 
Carnegie  Museum  of  Natural  History,  Pittsburgh,  Pennsylvania,  William  G.  Melton  of 
the  University  of  Montana,  Missoula,  Donald  Baird  and  John  R.  Horner  of  Princeton 
University,  Princeton,  New  Jersey,  and  Michael  C.  Hansen  of  the  Ohio  Geological 
Survey,  Columbus,  for  making  specimens  available  for  study,  and  to  David  Foster  of 
the  Oklahoma  Geological  Survey  for  chemical  analysis  of  the  coprolites. 

The  names  of  institutions  are  abbreviated  as  follows:  CM — Carnegie  Museum  of  Nat- 
ural History;  OU — Ohio  University;  PU — Princeton  University;  UM — University  of 
Montana. 


Systematic  Paleontology 

Class  Acanthodii 
Order  Acanthodiformes 
Family  Acanthodidae 
Genus  Acanthodes  Agassiz,  1833 
(Type  species  A.  bronni  Agassiz,  1833:20) 

Note. — Most  of  our  knowledge  of  Acanthodes  is  based  on  speci- 
mens from  Lebach  near  Saarbriicken,  West  Germany,  and,  therefore, 
they  are  referred  to  in  the  account  below.  However,  from  Watson’s 
(1937)  description  it  is  evident  that  the  Lebach  material  comprises 
specimens  with  such  wide  proportional  variations,  unaccountable  for 
by  growth,  that  undoubtedly  not  one  (A.  bronni ) but  several  species 
are  present  (Watson,  1937:95,  Fig.  20,  PL  14;  see  also  Dunkle  and 
Mamay,  1956;  Zidek,  19756,  1976).  Because  Agassiz’s  (1833-1844)  syn- 
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types  of  A.  bronni  cannot  be  identified  in  the  Lebach  material,  and 
because  his  description  and  illustrations  are  too  inadequate  to  deter- 
mine on  which  of  the  variations  recorded  by  Watson  the  species  had 
been  based,  it  is  impossible  to  erect  a neotype,  and,  accordingly,  A. 
bronni  should  be  regarded  as  nomen  dubium.  For  this  reason  the  name 
bronni  is  used  in  quotes  throughout  this  text. 

Acanthodes  lundi,  new  species 
(Figs.  1-6) 

Holotype.—  CM  25593,  215  mm  in  nose-to-caudal  cleft  length.  This 
is  the  largest  articulated  specimen  that,  although  incomplete  in  some 
respects,  best  represents  the  species. 

Paratypes.—  CM  25591,  CM  25592,  CM  25594  through  25596,  CM 
25598  through  25600,  CM  25602,  CM  25603A  through  H,  PU  22296, 
PU  22297. 

The  CM  25603  suite  comprises  73  specimens.  Much  of  this  suite 
consists  of  only  patches  of  scales,  detached  and  often  fragmentary 
spines,  and  fragments  of  the  endoskeleton  which  are  too  small  to  reveal 
anything  concerning  the  morphology.  Therefore,  only  the  few  25603 
specimens  worth  closer  study  were  labeled  individually,  in  alphabetical 
order. 

Etymology. — Named  in  honor  of  Dr.  Richard  Lund,  who  has  collected  a majority  of 
the  specimens. 

Horizon  and  Locality. — Heath  paper  shale  (Beckett  Member  equiv- 
alent), Heath  Formation,  uppermost  Mississippian,  sec.  28,  T.  14  N., 
R.  20  W.,  Fergus  County,  central  Montana. 

Diagnosis. — Head  with  a mosaic  of  angular,  tightly  bound  tesserae; 
autopalatine  does  not  reach  over  the  hind  end  of  the  mentomandibular; 
mentomandibular  anteriorly  expanded  into  a knob  housing  a large  sym- 
physial  pit;  ceratohyal  articular  knob  not  pronounced;  gill  rakers  tooth- 
like, with  ornamented  blades  and  unexpanded  or  only  slightly  expand- 
ed bases;  hyomandibular  rakers  one-fourth  to  one-third  longer  than 
those  on  the  ceratohyal;  squamation  development  and  ossification  of 
the  endoskeleton  more  rapid  than  in  A.  “ bronni ” and  A.  bridgei  (un- 
known in  other  Acanthodes  species). 


Fig.  1. — Acanthodes  lundi,  new  species.  A,  CM  25599  (estimated  total  length  about  80 
mm),  anterior  extent  of  squamation,  median  ventral  sensory  line,  and  ventrolateral  sen- 
sory line  are  outlined;  B,  CM  25600  (total  length  87  mm);  C,  CM  25598  (estimated  total 
length  about  100  mm).  Abbreviations:  asp,  anal  spine;  co,  coprolite;  mds,  mandibular 
splint;  mvl,  median  ventral  sensory  line;  pba,  posthyoiden  branchial  arches;  pgl,  pectoral 
girdle;  psp,  pectoral  spine;  vll,  ventrolateral  sensory  line;  vsp,  pelvic  spine. 
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Fig.  2. — Schematic  presentation  of  body  proportions  (measurements  in  mm)  in  Acan- 
thodes  lundi , new  species.  Scales  per  millimeter  in  a row  (sc/mm)  measured  in  the  region 
of  the  largest  scales,  around  the  main  lateral  sensory  line  between  the  dorsal  spine  and 
the  tail.  Abbreviations:  asp,  anal  spine:  cmo,  outer  diameter  of  circumorbital  ring;  dsp, 
dorsal  spine;  mds,  mandibular  splint;  psp,  pectoral  spine;  vsp,  pelvic  spine. 


Description  and  Discussion 

Although  even  the  best  Heath  shale  specimens  are  incomplete  in 
some  respects  (see  Figs.  1,  5),  they  nevertheless  provide  the  criteria 
necessary  for  species  distinction.  Among  the  features  well  enough  pre- 
served to  warrant  a description  are  the  overall  body  proportions,  the 
dermal  bones  of  the  head,  certain  parts  of  the  visceral  skeleton,  the 
pectoral  girdle,  all  the  spines,  and  the  squamation.  The  caudal  fin  (pre- 
served in  PU  22296  only)  is  too  damaged  to  be  described  in  any  detail. 
Consequently,  it  is  only  noted  here  that  a slight  posteroventral  expan- 
sion appears  to  have  been  present  in  the  longitudinal  division  of  the 
hypochordal  lobe. 

Size,  Proportions,  and  Squamation 

Of  the  available  specimens  only  those  listed  in  Fig.  2,  ranging  from 
55  to  215  mm  in  nose-to-caudal  cleft  length,  provide  information  on 
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the  body  proportions.  These  specimens  do  not  represent  the  entire 
size  range  of  the  species,  however.  The  largest  detached  pectoral  spine 
in  the  collection  (CM  25603H)  is  55  mm  long,  indicating  a fish  over  300 
mm  long,  and  the  largest  detached  scapulocoracoid  (CM  25603G,  Fig. 
6A)  is  16.7  mm  in  height,  indicating  a fish  nearly  400  mm  long.  It  can 
thus  be  concluded  that  A.  lundi  attained  a size  comparable  to  that  of 
the  other  Acanthodes  species  (see  Zidek,  1976,  for  review). 

Despite  the  fragmentary  preservation  of  all  the  specimens  measured, 
the  relative  positions  and  sizes  of  the  fin  spines  can  be  discerned.  The 
single  dorsal  and  anal  spines  are  situated  far  posteriorly  close  to  the 
tail;  the  anal  spine  is  15  to  20%  longer  and  positioned  somewhat  more 
anteriorly  than  the  dorsal.  The  pectoral  spines  are  the  largest  and 
amount  to  16%  of  the  total  specimen  length,  whereas  the  pelvic  spines 
are  the  smallest  and  amount  to  only  27  to  35%  of  the  length  of  the 
pectorals.  The  length  of  the  anal  amounts  to  72  to  77%,  and  of  the 
dorsal  to  62  to  63%,  of  the  length  of  the  pectorals.  The  length  ratios 
of  the  spines  relative  to  each  other,  as  well  as  the  ratio  of  the  pectoral 
spine  length  to  the  total  specimen  length,  show  no  allometry  for  the 
sample. 

The  mandibular  splint  shows  negative  allometric  growth  of  3%  in 
relation  to  the  total  specimen  length.  The  maximum  length  of  the  bran- 
chiostegal  rays  amounts  to  25%  of  the  length  of  the  mandibular  splint 
regardless  of  the  total  specimen  size  (CM  25599,  Fig.  1A;  CM  25594, 
Fig.  5B),  thus  indicating  zero  allometry  between  the  two.  Prepectoral 
length  can  be  measured  in  only  three  specimens,  PU  22296,  CM  25593, 
and  CM  25600,  in  which  it  comprises  22,  22,  and  29%  of  the  total 
specimen  length,  respectively.  The  outer  diameter  of  the  circumorbital 
ring  is  available  in  only  one  articulated  specimen,  CM  25593,  in  which 
it  amounts  to  27%  of  the  prepectoral  length.  The  height  of  the  scapu- 
locoracoid amounts  to  25  to  26%  of  the  pectoral  spine  length  in  all  the 
specimens  studied,  and  it  can  thus  be  concluded  that  no  allometry 
occurred  in  the  size  range  represented.  However,  a negative  allometry 
is  indicated  for  the  suprascapula  in  relation  to  the  scapulocoracoid,  as 
is  evidenced  by  changes  in  morphology  of  the  termination  of  the  scap- 
ular blade  during  growth  (see  the  section  on  pectoral  girdle).  The  cau- 
dal fin  is  preserved  only  in  PU  22296  (215  mm  in  total  length),  in  which 
the  distance  from  the  cleft  to  the  tip  of  the  axial  lobe  is  25  mm,  that 
is,  approximately  12%  of  the  total  specimen  length. 

The  only  other  acanthodian  that  has  been  adequately  treated  bio- 
metrically  is  Acanthodes  bridgei  from  the  Upper  Pennsylvanian  of 
Kansas  (Zidek,  1976:24-27).  A.  lundi  appears  to  differ  from  A.  bridgei 
in  having  slightly  shorter  pelvic  spines  and  in  the  dorsal  spine  being 
shorter  than  the  anal.  Apart  from  that,  however,  the  two  species  are 
remarkably  similar  in  their  proportions.  Although  no  measurements 
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are  available  for  other  Acanthodes  species,  it  has  long  been  thought 
that  they  all  are  proportionally  close.  The  similarity  in  proportions  of 
A.  lundi  and  A.  bridgei  supports  the  notion  of  proportional  uniformity 
of  the  genus. 

The  squamation  consists  of  nonimbricating,  minute  scales  with 
transversely  rhombic,  flat-to-convex,  unornamented  crowns.  The  mor- 
phology of  the  scales,  as  well  as  their  size  relative  to  the  total  specimen 
size,  in  no  way  differ  from  those  previously  described  for  Acanthodes 
(see  Zidek,  1976:27-33),  and,  therefore,  require  no  further  comment. 
However,  the  rate  of  development  of  the  squamation  is  of  interest,  for 
it  was  apparently  so  rapid  in  A.  lundi  that  even  the  smallest  specimen 
(CM  25603C,  approximately  55  mm  in  total  length)  has  its  flank  fully 
scaled.  This  specimen  lacks  most  of  the  prepectoral  region,  neverthe- 
less it  is  evident  that  the  squamation  reached  the  level  of  the  pectoral 
girdle  and  began  spreading  anterior  to  it.  The  squamation  is  nearly 
fully  developed  in  specimens  only  about  80  mm  long  (see  CM  25599, 
Fig.  1A). 

The  scale  counts  per  millimeter  in  a row  (measured  in  the  region  of 
the  largest  scales,  around  the  main  lateral  sensory  line  between  the 
dorsal  spine  and  the  tail)  conform  closely  with  those  previously  re- 
ported for  other  North  American  Acanthodes  species  (Zidek,  1975/?; 
1976:  Fig.  13).  This  demonstrates  that  in  Acanthodes  the  scales  in- 
creased in  size  by  the  addition  of  areal  zones  of  growth  to  the  crown 
throughout  ontogeny,  and  that  within  certain  ranges  the  scale  counts 
can  be  used  to  estimate  total  specimen  size  but  are  of  no  value  for 
species  identifications. 

Head  and  Visceral  Skeleton 

The  preserved  parts  of  the  cranial  and  visceral  skeleton  include  por- 
tions of  the  lateral-line  sensory  system,  the  circumorbital  bones,  a 
mosaic  of  minute  tesserae,  the  jaws,  the  hyoid  arch  including  the  bran- 
chiostegal  rays  and  the  gill  rakers,  and  a few  posthyoidean  branchial 
elements. 

The  suborbital  and  postorbital  branches  of  the  infraorbital  line  and 
the  profundus  line  are  the  only  parts  of  the  lateral-line  sensory  system 
of  the  head  preserved  (Fig.  3 A).  The  course  of  these  canals  and  the 
morphology  of  the  semicylindrical  ossicles  enveloping  them  differ  in 
no  way  from  the  pattern  previously  described  for  Acanthodes  (Zidek, 
1976:9-13,  Figs.  4C,  5,  and  references  therein).  The  median  ventral 
sensory  line  is  well  apparent  in  the  branchial  region  of  CM  25599  (Fig. 
1A).  Anterior  to  the  pectoral  girdle  this  line  becomes  surrounded  by 
a bulge  of  scales  and  branches  into  the  paired  ventrolateral  line  as  in 
other  Acanthodes  species  (Miles,  1966:153;  Zidek,  1976:  Fig.  4C). 
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Fig.  3.- —Acanthodes  lundi , new  species.  A,  head  of  CM  25593  (holotype)  and  B,  detail 
of  anterior  tesserae  in  CM  25594.  Abbreviations:  cmo,  circumorbital  bones;  mca,  an- 
terior meckelian  ossification;  pfc,  profundus  sensory  line;  ptifc,  postorbital  branch  of 
infraorbital  sensory  line;  sbifc,  suborbital  branch  of  infraorbital  sensory  line;  sq,  squa- 
mation;  tsa,  anterior  tesserae;  tsp,  posterior  tesserae. 


The  circumorbital  ring  is  preserved,  though  incompletely,  in  only 
two  specimens,  CM  25593  (Fig.  3A)  and  CM  25594  (Fig.  5B).  The 
individual  bones  are  crescent-shaped,  each  with  an  elevated  rim  along 
the  inner  margin.  Their  entire  surface  is  ornamented  with  radiating 
rows  of  minute  tubercles  which  are  most  prominent  on  the  inner  rim. 
The  projected  meeting  point  of  the  radiating  tubercle  rows  is  well  off 
the  inner  margin  of  each  bone,  toward  the  center  of  the  orbit.  Due  to 
incomplete  preservation  it  cannot  be  established  whether  the  dimen- 
sions of  the  circumorbital  bones  were  equal  or  unequal,  and,  conse- 
quently, whether  there  were  four  or  five  bones. 

The  tesserae  are  best  seen  in  CM  25593  (Fig.  3A).  This  specimen 
affords  some  evidence  that  the  squamation  extended  as  far  anteriorly 
as  to  the  postorbital  branch  of  the  infraorbital  sensory  line  and  over 
the  posterior  part  of  the  profundus  canal.  It  is  thus  reasonable  to  con- 
clude that  the  squamation  passed  into  a shield  of  tesserae  in  the  area 
between  the  postorbital  canal  and  the  orbit.  As  far  as  can  be  judged 
from  CM  25593,  the  posterior  half  of  the  circumorbital  ring  was  sur- 


Fig.  A.—Acanthodes  lundi,  new  species.  A,  restoration  of  upper  and  lower  jaws  in  lateral 
view,  based  on  CM  22596  (see  also  Fig.  5A)  except  for  metapterygoid  ossification  from 
CM  25603D;  B,  CM  25603E,  detached  lower  jaw  in  mesial  view;  C,  hyoid  gill  raker  from 
CM  25594.  Abbreviations:  addf,  adductor  fossa  for  m.  adductor  mandibulae;  arte,  ar- 
ticular cotylus;  aup,  autopalatine  ossification  of  palatoquadrate;  bpr,  basal  process; 
expq,  extrapalatoquadrate  crest;  mca,  anterior  (mentomandibular)  meckelian  ossifica- 
tion; mep,  posterior  (articular)  meckelian  ossification;  mds,  mandibular  splint;  mmk, 
mentomandibular  knob;  mtp,  metapterygoid  ossification  of  palatoquadrate;  otc,  otic 
cotylus;  otex,  auxiliary  otic  cotylus;  pregl,  preglenoid  process;  qu,  quadrate  ossification 
of  palatoquadrate;  sypt,  symphysial  pit. 
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rounded  by  exceedingly  thin,  unornamented  polygonal  tesserae, 
whereas  around  the  anterior  margin  of  the  ring  and  in  the  nasal  region 
there  was  a cover  of  ornamented,  roughly  polygonal  tesserae.  Both 
the  ornamented  and  unornamented  tesserae  range  from  0.25  to  0.50 
mm  in  diameter.  The  unornamented  tesserae  resemble  those  previ- 
ously described  for  Acanthodes  (Reis,  1896:  Fig.  2;  Watson,  1937:107- 
108;  Zidek,  1975/?:  Fig.  2E;  1976:  Fig.  5),  however,  they  are  not  trans- 
lucent at  the  margins,  lack  central  depressions  or  any  other  irregular- 
ities in  thickness,  and  are  more  distinctly  angular  forming  a more  tight- 
ly bound  mosaic  than  in  other  Acanthodes  species.  In  CM  25593  the 
anterior,  ornamented  tesserae  are  preserved  only  as  irregularly  shaped 
impressions.  However,  a small  patch  of  anterior  tesserae  in  CM  25594 
(Fig.  3B)  indicates  that  they  are  roughly  polygonal  in  outline,  with 
prominent,  slightly  arcuate  crests  and  several  minor  depressions  near 
the  margins.  Though  there  is  no  evidence  of  a grading  together  of  the 
two  types  of  tesserae,  it  appears  likely  that  the  entire  head  was  covered 
with  a dermal  skeleton  of  tessellate  pattern. 

The  jaws  are  preserved  articulated  in  CM  25596  (Fig.  5A)  and  lack 
only  the  metapterygoid  ossification.  Fortunately,  this  ossification  is 
exposed  in  lateral  view  in  CM  25603D,  whose  quadrate  is  of  the  same 
size  as  that  in  CM  25596,  thus  allowing  a composite  reconstruction  of 
the  entire  jaw  apparatus  (Fig.  4A).  The  jaws  differ  somewhat  propor- 
tionally from  those  in  A.  “ bronni ” (Miles,  1968:  Fig.  4A;  1973/?:  Fig. 
12A,  B)  in  that  the  entire  anterior  meckelian  ossification  lies  anterior 
to  the  autopalatine  ossification  of  the  palatoquadrate.  The  lower  jaw 
was,  therefore,  longer  and  the  mouth  was  either  only  slightly  subter- 
minal or  terminal  in  A.  lundi.  Though  the  CM  25596  jaws  are  only 
about  half  the  size  of  those  illustrated  for  A.  “ bronni'  ’ by  Miles  (1973/?: 
Fig.  12A,  B),  the  anterior  and  posterior  portions  of  the  lower  jaw  are 
perichondrally  co-ossified  and  there  is  only  a narrow  gap  between  the 
quadrate  and  autopalatine  ossifications  of  the  upper  jaw.  As  already 
shown,  A.  lundi  attained  a size  comparable  to  that  of  A.  “ bronni it 
is,  therefore,  clear  that  in  A.  lundi  the  co-ossification  started  earlier 
in  ontogeny  and/or  was  more  rapid  than  in  later  occurring  species  such 
as  A.  “ bronni ” or  A.  bridgei. 

The  autopalatine  ossification  definitely  lacks  a palatine  process  and 
a depressed  area  and/or  groove  for  attachment  of  an  anterior  labial 
cartilage  claimed  for  A.  “ bronni ” by  Jarvik  (1977:205,  Fig.  6B).  The 
metapterygoid  ossification  has  a well  formed  otic  cotylus  and  a some- 
what smaller  auxiliary  otic  cotylus,  and  a groove  for  the  efferent  pseu- 
dobranchial  artery  (Jarvik,  1977,  Fig.  6A).  Despite  the  good  preser- 
vation of  this  ossification,  I have  been  unable  to  find  the  foramen  for 
the  ramus  mandibularis  trigemini  that  Miles  (1964:  Fig.  1;  1968:111, 
Fig.  1;  1973/?:  Fig.  12A)  identified  in  A.  “bronni”;  there  is,  however. 
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a foramen  located  on  the  extrapalatoquadrate  crest  of  the  quadrate 
ossification. 

The  lower  jaw  (Figs.  4A,  B,  5A,  B)  has  a nearly  flat  lower  margin 
and  a distinctly  convex  upper  margin  (in  lateral  view);  a mesiad  curved 
anterior  portion  terminates  in  an  expanded  knob  bearing  a large  sym- 
physial  pit.  The  meckelian  cartilage  is  perichondrally  ossified  in  two 
sections,  a shorter  anterior  mentomandibular  ossification  and  a pos- 
terior articular  ossification.  Except  in  CM  25603F,  a detached  lower 
jaw  only  23  to  25  mm  long,  the  two  sections  are  perichondrally  co- 
ossified; nevertheless,  their  boundaries  are  still  discernible,  as  an  in- 
termediate zone  of  weakness  is  more  readily  subject  to  fragmentation. 
The  mandibular  splint  (Figs.  4A,  5A,  B)  is  a slender,  entirely  unor- 
namented dermal  bone  only  slightly  shorter  than  the  meckelian  carti- 
lage, with  a minor  sinusoidal  curvature  and  a broader  posterior  end. 
The  anterior  three-fourths  of  the  splint  are  attached  to  the  ventrolateral 
margin  of  the  meckelian  cartilage,  whereas  the  posterior  fourth  bends 
upward,  is  superimposed  on  the  laterally  expanded  posterior  end  of 
the  meckelian  ossification  behind  the  adductor  fossa,  and  reaches  close 
below  the  articular  cotylus.  The  only  specimen  in  which  the  mandib- 
ular splint  remains  attached  to  the  meckelian  cartilage  is  CM  25596 
(Figs.  4A,  5A).  In  this  instance  the  anterior  end  of  the  splint  is  broken 
off,  but  from  its  impression  on  the  surface  of  the  meckelian  cartilage 
it  is  evident  that  its  termination  followed  the  mesiad  curvature  of  the 
meckelian  termination. 

There  is  little  difference  in  the  lower  jaw  length  to  height  ratios 
between  A.  ilbronni,”  A.  sulcatus , and  A.  lundi,  however,  the  jaw  of 
the  latter  maintains  a higher  profile  through  most  of  its  length,  giving 
it  a more  robust  appearance.  The  longitudinally  convex  profile  of  the 
upper  margin  of  the  lower  jaw  and  the  relative  size  of  the  jaw  joint 
correspond  more  closely  to  those  in  A.  sulcatus  (Miles,  1966:  Fig.  5) 
than  to  those  in  A.  “ bronni ” or  A.  bridgei,  in  which  the  preglenoid 
process  appears  to  have  been  larger  and  the  anterior  termination  some- 
what upturned  (Miles,  1973/?:  Fig.  12;  Zidek,  1976:  Fig.  3). 


Fig.  5. — Acanthodes  lundi,  new  species.  A,  CM  25596,  and  B,  CM  25594,  exposed  in 
lateral  view.  Abbreviations:  aup,  autopalatine  ossification  of  palatoquadrate;  br,  frag- 
ments of  epi-  or  ceratobranchials;  cbr,  first  ceratobranchial;  cha,  anterior  ceratohyal 
ossifications;  chp,  posterior  ceratohyal  ossification;  cmo,  circumorbital  bones;  ebr, 
epibranchials;  hgr,  hyoidean  gill  rakers;  hmv,  ventral  hyomandibular  ossification;  me, 
meckelian  cartilage;  mca,  anterior  meckelian  ossification;  mep,  posterior  meckelian  os- 
sification; mds,  mandibular  splints;  mtp,  metapterygoid  ossification  of  palatoquadrate; 
pgl,  pectoral  girdle;  psp,  pectoral  spine;  qu,  quadrate  ossification  of  palatoquadrate;  rbr, 
branchiostegal  rays;  rd,  radialia. 
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The  feature  by  which  the  A.  lundi  lower  jaw  differs  most  markedly 
from  other  Acanthodes  species  is  the  presence  of  a mentomandibular 
anterior  knob  which  bears  a large  symphysial  pit  (Fig.  4B).  Watson 
(1937:103)  noted  that  in  the  Lebach  Acanthodes  the  lower  jaw  “be- 
comes extremely  slender  anteriorly,  where  it  is  slightly  turned  inward 
and  bears  a very  small  pit,  presumably  for  the  short  ligament  by  which 
it  was  attached  to  its  fellow  of  the  opposite  side.”  A similar  small  pit 
is  indicated,  though  not  labeled,  in  figures  of  A.  “ bronni ” by  Reis 
(1891:  Fig.  8d;  1896:  PI.  6,  Fig.  1).  In  contrast  to  specimens  of  A. 
“ bronni ” described  by  Reis  and  Watson,  the  anterior  meckelian  ter- 
mination in  A.  lundi  does  not  narrow  but  expands  and  the  symphysial 
pit  is  large.  The  anterior  meckelian  termination  is,  as  a whole,  remi- 
niscent of  the  anterior  ceratohyal  knob  for  articulation  with  the  basi- 
hyal  in  A.  “bronni”  (Miles,  1968:  Fig.  2)  and  the  symphysial  pit  in  the 
lower  jaw  of  certain  crossopterygians  such  as  the  porolepiform  Hol- 
optychius  (Jarvik,  1963:  Fig.  15B;  1972:  Fig.  47A,  B;  lessen,  1966:  Fig. 
14B;  1967:  PI.  3B;  Lehman,  1966:  Fig.  58B),  and,  to  a lesser  degree, 
the  coelacanth  Nesides  (lessen,  1966:  Text-fig.  15J,  PI.  22,  Fig.  3). 

According  to  Miles  (1968:112),  there  is  no  definite  evidence  of  the 
basimandibular  element  identified  by  Dean  (1907:212,  Fig.  12)  in  A. 
“bronni”.  Dean’s  figure  shows  this  element  as  a small  ossification 
corresponding  in  size  to  the  mentomeckelian  of,  for  example,  Amia 
(Goodrich,  1958:  Fig.  430;  Devillers,  1958:  Fig.  408),  but  this  interpre- 
tation is  clearly  a misconception  resulting  from  a fracture  in  his  spec- 
imen. Despite  the  absence  of  a basimandibular  in  A.  “bronni”  and,  as 
far  as  we  know,  in  all  other  Pennsylvanian  and  Lower  Permian  Acan- 
thodes species,  the  presence  in  A.  lundi  of  the  mentomandibular  (men- 
tomeckelian) anterior  knob  with  a large  pit  in  its  anteromesial  face  is 
strongly  indicative  of  such  an  element.  The  mentomandibular  knob 
and  pit  are  so  strikingly  similar  to  the  ceratohyal  knob  and  fossa  for 
articulation  with  the  basihyal  in  A.  “ bronni ” that  the  assumption  of 
them  serving  only  a ligamentous  connection  between  the  mandibular 
rami  seems  highly  unlikely. 

The  hyoid  arch  can  be  seen  in  CM  25594  (Fig.  5B).  This  specimen 
shows  the  anterior  ceratohyal  ossifications  of  both  sides  ( = hypohyals 
of  Watson,  1937,  and  Nelson,  1968,  1969),  traces  of  the  right  posterior 
ceratohyal  ossification,  and  a small  part  of  the  right  ventral  hyoman- 
dibular  ossification.  The  length  of  the  ceratohyal  amounts  to  approx- 
imately 80%  of  the  lower  jaw  length  (as  in  A.  “ bronni  ” see  Miles, 
1973/?:  Fig.  15).  The  anterior  ceratohyal  ossifications  gradually  taper 
anteriorly,  curve  mesiad,  and  their  mesial  faces  bear  grooves  “for, 
inter  alia,  the  insertion  of  the  anterior  interhyoideus  musculature” 
(Miles,  1968:113).  In  contrast  to  A.  “bronni,”  in  which  the  anterior 
ends  of  the  ceratohyals  are  expanded  into  large  articulation  knobs 
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(Miles,  1968:  Fig.  2),  in  A.  lundi  the  ends  are  unexpanded,  round,  and 
bear  flat,  anteromesiad  oriented  facets  for  articulation  with  the  basi- 
hyal.  Judging  from  the  size  of  the  associated  pectoral  spine  (36  mm 
long),  CM  25594  was  220  to  230  mm  in  total  length.  Because  the  an- 
terior and  posterior  parts  of  the  ceratohyals  are  not  co-ossified  in  this 
specimen,  it  is  clear  that  co-ossification  (Miles,  1968:113,  1973b:  93) 
occurred  late  in  ontogeny,  only  in  the  largest  individuals.  The  only 
visible  part  of  the  hyomandibula  is  the  lower  end  of  its  ventral  ossifi- 
cation, yet  it  is  situated  substantially  above  the  jaw  joint.  Even  when 
the  ceratohyal  is  restored  to  its  proper  position  (Miles,  1973b:  Fig.  15), 
there  still  remains  a large  gap  between  its  posterior  end  and  the  lower 
end  of  the  ventral  hyomandibular  ossification.  The  mutual  position  of 
the  two  elements  thus  invites  the  assumption  that  an  accessory  element 
was  present  between  them,  such  as  an  interhyal  (=stylohyal  or  sym- 
plectic,  see  Miles,  1965:241;  1973b :93). 

The  branchial  region  is  partially  preserved  in  CM  25599  (Fig.  1A) 
and  to  a very  small  extent  in  CM  25594  and  CM  25596  (Fig.  5A,  B). 
CM  25599  is  far  too  small  (80  mm  in  total  length)  to  have  any  of  the 
branchial  arches  ossified;  it  shows  only  a mass  of  gill  rakers  which  are 
not  distinct  enough  to  allow  determination  of  their  orientation  or  mor- 
phology. CM  25594  shows  the  right  anterior  ossification  of  the  first 
ceratobranchial  and  incomplete,  displaced  elements  which  most  likely 
are  epibranchials;  CM  25596  contains  only  fragments  of  epi-  or  cera- 
tobranchials.  The  anterior  ossification  of  the  first  ceratobranchial 
(=hypobranchial  of  Watson,  1937,  and  Nelson,  1968,  1969)  is  very 
similar  in  size,  mesiad  curvature,  and  morphology  of  the  anterior  end 
to  the  ceratohyal,  but  lacks  the  gradual  tapering  characteristic  of  the 
ceratohyal.  Instead,  the  tapering  is  confined  to  the  posterior  third  of 
its  length  and  the  remainder  is  uniform  in  thickness.  The  true  first 
hypobranchial,  restored  but  at  the  same  time  doubted  by  Miles 
(1973b:97,  Fig.  18)  for  A.  “ bronni is  definitely  not  present  in  A. 
lundi. 

The  skeletal  support  of  the  integumental  gill  cover  consists  of  a 
series  of  slender,  well  spaced  branchiostegal  rays  carried  by  the  hyoid 
arch  (CM  25599,  Fig.  1A;  CM  25594,  Fig.  5B).  Regardless  of  the  size 
of  the  specimen,  the  rays  reach  a maximum  length  of  one  fourth  that 
of  the  mandibular  splint.  The  lower,  ceratohyal  part  of  the  series  con- 
tains twenty  gently  sinusoidally  curved,  virgaform  rays,  whereas  in 
the  upper  hyomandibular  part  there  are  only  seven  shorter  and  angu- 
larly bent  virgaform-to-acinaciform  rays  (see  McAllister,  1968,  Fig.  1 
for  terminology).  Thus,  the  branchiostegal  rays  of  A.  lundi  are  indis- 
tinguishable in  shape  and  relative  size  from  those  in  the  specimens  of 
Acanthodes  from  the  Upper  Pennsylvanian  of  New  Mexico  (Zidek, 
1975b:  12,  PI.  IE;  1976:13,  Fig.  4A). 
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Of  the  gill  rakers,  only  those  of  the  hyoid  arch  of  CM  25599  (Fig. 
1A)  and  CM  25594  (Figs.  4C,  5B)  are  well  enough  preserved  to  allow 
description.  They  have  the  appearance  of  slender,  laterally  com- 
pressed, tapering  tooth-cusps;  they  are  about  five  times  longer  than 
wide,  have  short,  unexpanded  or  only  slightly  expanded  bases,  and 
the  entire  blade  is  ornamented  by  longitudinal  ridges  (Fig.  4C).  The 
grooves  separating  the  ridges  are  as  wide  as  the  ridges.  Though  some 
of  the  ridges  anastomose,  most  remain  well  defined  throughout  the 
length  of  the  blade.  In  contrast  to  other  Acanthodes  species  in  which 
the  rakers  on  the  hyomandibula  are  shorter  than  those  on  the  cerato- 
hyal  (Watson,  1937:105;  Miles,  1968:113;  Zidek,  1976:14),  the  hyo- 
mandibular  rakers  are  about  30%  longer  than  those  of  the  ceratohyal. 
Further,  the  rakers  differ  from  those  of  other  Acanthodes  species  in 
the  prominence  of  the  base  and  in  the  height  to  width  ratio,  outline, 
and  ornamentation  of  the  blade.  The  height  to  width  ratio  and  the 
ornamentation  of  the  rakers  are  the  same  in  A.  “ bronni ” and  A.  lundi, 
but  in  A.  “ bronni ” the  blades  are  leaf-like  and  basally  constricted  (see 
Reis,  1896:  PI.  6,  Figs.  3,  18;  Watson,  1937:105;  Miles,  1968:113).  In 
A.  bridgei,  on  the  other  hand,  the  height  to  width  ratio  is  much  greater 
(12:1),  the  ornamentation  consists  of  sparse  and  interrupted  striae 
only,  the  blade  is  saber-shaped,  and  the  base  is  much  more  prominent 
(Zidek,  1976:14,  Fig.  4B).  Our  present  knowledge  of  the  morphology 
of  the  gill  rakers  is  unfortunately  limited  to  only  a few  Acanthodes 
species,  nevertheless  the  above  comparisons  indicate  its  potential  use- 
fulness in  diagnosing  species. 

The  hyoidean  gill  rakers  were  inserted  on  the  inner  side  of  the  arch 
and  projected  anteroventromesiad  on  the  hyomandibular  and  antero- 
dorsomesiad  on  the  ceratohyal  (Fig.  5B;  for  A.  “ bronni ” see  Watson, 
1937:105,  Text-fig.  18;  Nelson,  1968:140;  Miles,  1968:125;  19736:94). 
It  is  clear,  therefore,  that  contrary  to  the  recent  claim  by  Jarvik 
(1977:210)  the  hyoidean  gill  rakers  belong  to  the  anterior  series.  I agree 
with  Miles  (1964,  1968,  19736)  that  they  projected  into  the  pharynx 
and  indicate  the  existence  of  a large  hyoidean  hemibranch. 

The  branchiostegal  rays  were  first  correctly  identified  as  belonging 
to  the  hyoid  arch  by  Reis  (1891:  Figs.  6a,  8d),  who,  however,  changed 
his  mind  and  identified  them  in  all  his  later  works  as  attached  to  the 
mandibular  splint.  Watson  (1937:104,  Text-figs.  18,  19)  also  erred  in 
regarding  the  branchiostegals  as  inserting  on  the  lower  surface  of  the 
splint,  and,  consequently,  believed  that  the  gill  cover  was  mandibular 
rather  than  hyoidean.  Although  the  hyoidean  nature  of  the  acanthodian 
gill  cover  has  more  recently  been  confirmed  by  several  lines  of  evi- 
dence (Stensid,  1947;  Denison,  1961;  Jarvik,  1963;  Miles,  1964  through 
19736),  the  attachment  and  orientation  of  the  branchiostegals  have 
never  been  precisely  determined.  In  CM  25594  (Fig.  5B)  the  branchio- 
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Fig.  6. — Pectoral  girdle  of  Acanthodes  lundi,  new  species.  A,  CM  25603G,  anterolateral 
view  of  detached  right  scapulocoracoid  of  a size  indicating  a fish  nearly  400  mm  long; 
B,  CM  25600,  left  girdle  and  pectoral  spine  from  a juvenile  87  mm  long  (see  Fig.  IB). 
Abbreviations:  proco,  procoracoid  process;  pspgr,  pectoral  spine  groove;  scbl,  scapular 
blade;  spsc,  suprascapula. 


stegals  are  attached  to  the  outer  side  of  the  ceratohyal  in  a line  that 
changes  from  ventrolateral  on  the  anterior  ossification  to  dorsolateral 
on  the  posterior  ossification;  the  anterior  rays  exhibit  mesiad  curva- 
ture. On  the  ventral  hyomandibular  ossification  the  insertions  cannot 
be  seen,  but  presumably  they  were  situated  laterally  or  posterolater- 
ally.  The  branchiostegals  of  the  anterior  ceratohyal  ossification  thus 
pointed  ventromesiad,  and  posteriorly  their  orientation  gradually 
changed  to  posteroventromedial  and  posteroventral  on  the  posterior 
ceratohyal  ossification,  and  eventually  to  posterior  on  the  hyomandib- 
ula. 


Pectoral  Girdle 

The  pectoral  girdle  is  preserved  in  CM  25591,  25593,  25596,  25598, 
25599,  and  25600  (Figs.  1A-C,  5A,  6B),  and  in  several  other  instances 
as  an  isolated  element.  The  isolated  scapulocoracoid  CM  25603G  (Fig. 
6A)  is  16.7  mm  in  height  and  indicates  a fish  nearly  400  mm  long, 
whereas  in  CM  25599  (Fig.  1A),  which  is  about  80  mm  in  estimated 
total  length,  the  size  of  the  scapulocoracoid  plate  indicates  that  the 
entire  girdle  was  probably  no  higher  than  2.5  mm.  The  pectoral  fin  is 
partially  preserved  in  only  two  instances,  as  a short,  proximal  series 
of  fin  rays  in  CM  25593  and  as  radials  in  CM  25596  (Fig.  5A). 

Though  the  pectoral  spine  has  not  been  found  in  place,  in  several 
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specimens  it  is  preserved  in  close  proximity  to  the  girdle  and  both 
elements  are  sufficiently  complete  to  consider  their  size  relationship. 
The  height  of  the  scapulocoracoid  amounts  to  25  to  26%  of  the  pectoral 
spine  length  in  all  the  specimens  studied,  and  no  differential  growth 
occurred  in  the  size  range  represented  (see  Fig.  2).  However,  some 
differential  growth  undoubtedly  occurred  between  the  scapulocoracoid 
and  the  suprascapula.  The  suprascapula  is  not  co-ossified  with  the 
scapular  blade  and  is  missing  in  all  but  one  specimen  (CM  25600,  Fig. 
6B).  Nevertheless,  the  differential  growth  can  be  demonstrated  by 
comparing  the  upper  parts  of  the  scapular  blades  of  small  and  large 
specimens.  Whereas  in  small,  juvenile  specimens  the  dorsal  termina- 
tion is  the  point  of  maximum  diameter  of  the  blade  (Fig.  6B),  in  large 
specimens  the  level  of  maximum  diameter  is  the  subterminal,  barrel- 
shaped portion  of  the  blade  (Fig.  6A).  Consequently,  the  large  girdles 
could  not  have  accommodated  suprascapulae  as  large  relative  to  the 
scapulocoracoids  as  the  small  girdles,  indicating  negative  allometric 
growth  of  the  suprascapula.  The  shift  in  level  of  the  maximum  diameter 
of  the  scapular  blade  during  ontogeny  also  accounts  for  the  slender 
versus  robust  appearance  of  the  blades  in  small  and  large  girdles,  re- 
spectively, although  their  height  to  maximum  diameter  ratio  does  not 
change  appreciably  during  growth. 

The  dorsal  margin  of  the  scapular  blade  is  higher  posteriorly.  The 
blade  is  circular  in  cross  section  and  gradually  narrows  ventrad  before 
expanding  again  into  the  scapulocoracoid  plate.  The  surface  for  artic- 
ulation of  the  fin  skeleton  (margo  radialis),  the  ventral  (coracoid)  part 
of  the  plate,  and  the  procoracoid  are  not  represented  in  any  of  the 
specimens  at  hand.  The  remaining,  discernible  features  of  the  scapu- 
locoracoid plate  are  the  procoracoid  process  and  the  upper  margin  of 
a groove  that  housed  the  pectoral  spine  (Fig.  6A).  The  mesially  located 
subscapular  fossa  that  leads  to  the  coracoid  foramen  in  the  ventral 
muscle  fossa  (see  Miles,  1973a: 153,  Text-fig.  19)  is  seen  only  in  CM 
25599.  The  procoracoid  process  is  seemingly  larger  than  in  other  Acan- 
thodes  species,  but  this  is  not  certain  since  the  articular  surface  may 
have  been  enlarged  by  postmortem  abrasion. 

On  two  previous  occasions  I noted  a process-like  extension  pos- 
terolateral to  the  procoracoid  process  and  interpreted  it  tentatively  as 
either  a laterally  extended  surface  of  the  scapulocoracoid  plate  capping 
the  pectoral  spine  or  as  an  accessory  dorsal  articulation  surface  for  the 
procoracoid  (Zidek,  1975a:  143,  Fig.  5;  1976:16,  Fig.  7C).  No  such  ex- 
tension is  present  in  the  A.  lundi  girdles,  in  which  the  upper  margin 
of  the  pectoral  spine  groove  is  a rim  that  at  no  point  becomes  promi- 
nent laterally. 

In  summary,  the  pectoral  girdle  of  A.  lundi  does  not  deviate  in  any 
available  aspect  of  its  morphology  from  that  of  most  Acanthodes,  in 
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which  the  suprascapula  does  not  co-ossify  with  the  scapular  blade. 
Except,  perhaps,  for  the  lack  of  the  lateral  extension  of  the  scapulo- 
coracoid  plate  there  is  nothing  in  the  morphology  of  the  girdle  to  serve 
distinction  on  the  species  level. 

Concluding  Remarks 

Apart  from  the  recorded  North  American  occurrences  of  Acan- 
thodes (Zidek,  1975a,  1975/?,  1976,  and  references  therein;  Dalquest 
and  Emsoff,  1977),  detached  spines  assignable  to  this  genus  have  been 
found  also  in  deposits  of  Pennsylvanian  (Westphalian  D)  age  at  Do- 
minion, Nova  Scotia  (D.  Baird,  personal  communication),  and  at  sev- 
eral locations  and  stratigraphic  levels  in  the  Ohio  Pennsylvanian  (OU 
Ay-9  and  OU  Cc-4  from  the  Dorr  Run  and  Washingtonville  Shales  in 
the  Allegheny  Series,  and  OU  Aa-38  and  OU  Ale- 19  from  the  Porters- 
ville  and  Brush  Creek  Shales  in  the  Conemaugh  Series).  Because  the 
pectoral  girdle  recently  described  from  the  Lower  Mississippian  (Tour- 
naisian)  of  Nova  Scotia  (Zidek,  1977)  cannot  be  identified  any  closer 
than  as  Acanthodidae,  Acanthodes  lundi  remains  the  only  species  of 
the  genus  known  from  deposits  of  Mississippian  age  in  North  America. 
It  should  be  emphasized,  however,  that  in  terms  of  the  European  stan- 
dard stratigraphic  section  even  this  species  is  Upper  Carboniferous, 
Namurian  A or  early  B,  in  age. 

The  earliest  unquestionable  record  of  Acanthodes  is  A.  sulcatus 
from  the  Lower  Oil  Shale  Group  of  the  Calciferous  Sandstone  Series, 
Visean  B,  Mississippian,  of  Scotland  (Miles,  1966:174;  1970:344;  Pa- 
ton,  1976:17).  Unfortunately,  this  species  is  inadequately  known  and 
can  be  compared  with  A.  lundi  in  only  a general  manner.  The  original 
diagnosis  of  A.  sulcatus  (Agassiz,  1835:125),  based  on  only  a patch  of 
scales  long  since  lost,  was  revised  by  White  (1937:412),  who  selected 
a neotype  and  provided  its  measurements.  From  these  measurements 
it  appears  that  A.  sulcatus  is  similar  to  A.  lundi  in  overall  body  pro- 
portions, pectoral  spine  length  to  total  length  ratio  (17%),  pelvic  spine 
to  pectoral  spine  length  ratio  (29%),  and  prepectoral  to  total  length 
ratio  (only  41%).  Both  the  anal  and  dorsal  spines  of  A.  sulcatus  are 
thus  approximately  20%  shorter  relative  to  pectoral  spine  length  than 
in  A.  lundi.  In  addition,  the  two  species  differ  in  the  position  of  the 
pelvic  spines,  and  in  the  morphology  of  the  pectoral  girdle  and  jaws. 
The  pelvic  spines  of  A.  sulcatus  are  situated  well  behind  the  pectoral 
spines,  nearly  half  way  between  them  and  the  anal  spine  (White, 
1937:412,  Text-fig.  1;  Miles,  1970,  Fig.  5),  whereas  in  A.  lundi  the 
distance  between  the  pectoral  and  pelvic  spines  is  only  about  one 
fourth  of  the  pectoral-anal  distance  (see  Fig.  2).  The  scapular  blade  of 
A.  sulcatus  is  slender,  straight,  and  dorsally  unexpanded.  Its  dorsal 
termination  is  rounded  and  apparently  includes  the  suprascapular; 
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nothing  is  known  of  the  scapulocoracoid  plate.  In  contrast,  the  scap- 
ular blade  of  A.  lundi  is  dorsally  expanded  and  not  co-ossified  with  the 
suprascapula.  Judging  from  the  illustration  of  A.  sulcatus  jaws  by 
Miles  (1966,  Fig.  5),  the  metapterygoid  ossification  does  not  seem  to 
have  a well  defined  auxiliary  otic  cotylus  and  the  mentomandibular 
ossification  is  anteriorly  pointed  instead  of  expanded  as  in  A.  lundi. 
According  to  White  (1937:412),  the  scales  of  A.  sulcatus  “occasionally 
show  the  faint  median  depression  which  Agassiz  (1835,  p.  125)  so  much 
emphasized  in  his  original  description,  but  this  is  certainly  not  peculiar 
to  the  species  and  may  not  be  even  characteristic.”  The  posterior 
position  of  the  pelvic  spines  and  the  near  absence  of  the  auxiliary  otic 
cotylus  are  features  atypical  of  Acanthodes  and  raise  doubt  as  to  the 
assignment  of  A.  sulcatus  to  this  genus.  However,  the  final  systematic 
placement  of  A.  sulcatus  will  have  to  await  a restudy  of  the  type 
material. 

The  most  obvious  diagnostic  feature  of  A.  lundi  is  its  lower  jaw  with 
the  longitudinally  convex  profile  of  the  upper  margin  and  the  anterior 
termination  expanded  into  a knob  housing  a large  symphysial  pit.  Oth- 
er diagnostic  but  less  obvious  features  include:  the  position  of  the 
autopalatine  ossification,  which  does  not  reach  over  the  posterior  end 
of  the  anterior  meckelian  ossification;  the  tightly  bound  mosaic  of  tes- 
serae, which  are  distinguishable  from  other  species  by  their  even  thick- 
ness and  angularity;  the  anterior  end  of  the  anterior  ceratohyal,  which 
is  not  expanded  into  a large  articular  knob;  the  tooth-like  gill  rakers 
with  ornamented  blades  and  unexpanded  or  only  slightly  expanded 
bases;  the  hyomandibular  rakers,  which  are  one-fourth  to  one-third 
longer  than  those  on  the  ceratohyal;  and  the  development  of  the  squa- 
mation  and  the  ossification  of  the  endoskeleton,  which  are  more  rapid 
than  in  other  Acanthodes  species  with  known  ontogenies.  The  men- 
tomandibular knob  with  its  large  symphysial  pit  is  a decidedly  primitive 
feature  that  underwent  reduction  early  in  the  history  of  the  genus  and 
whose  resemblance  to  the  ceratohyal-basihyal  articulation  (A.  “ bron - 
ni")  adds  weight  to  designating  the  meckelian  element  as  a cerato- 
mandibular.  The  tessellate  pattern  of  the  dermal  skeleton  of  the  head, 
the  upper  versus  lower  jaw  proportions,  and  the  rapidity  of  develop- 
ment of  the  squamation  and  ossification  of  the  endoskeleton  may  also 
be  regarded  as  primitive  for  the  genus.  Whether  the  morphology  of  the 
anterior  termination  of  the  ceratohyal  (which  may  or  may  not  be  re- 
lated to  the  morphology  of  the  mentomandibular  termination)  and  the 
relative  size  and  morphology  of  the  gill  rakers  are  primitive  features 
cannot  be  properly  evaluated  until  more  is  known  about  the  other 
Acanthodes  species. 

The  length  of  the  fin  spines  and  the  co-ossification  of  the  mento- 
mandibular and  articular  divisions  of  the  lower  jaw  early  in  life  cannot 
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be  used  taxonomically.  In  comparison  to  A.  bridgei  the  pelvic  spines 
of  A.  lundi  are  somewhat  shorter  relative  to  the  pectoral  spines  and 
the  dorsal  spine  is  shorter  than  the  anal,  instead  of  being  equal  to  it  in 
length.  However,  for  the  pelvic  spines  the  difference  is  not  great 
enough  to  be  considered  diagnostic.  Moreover,  due  to  our  lack  of 
knowledge  of  intraspecific  variability,  the  pectoral  to  pelvic  spine 
length  ratio  is  of  dubious  taxonomic  value  unless  significantly  different 
from  anything  so  far  known.  The  equal  length  of  dorsal  and  anal  spines 
in  A.  bridgei  is  an  exception  rather  than  the  rule  in  Acanthodes.  In 
most  species  the  dorsal  spine  is  shorter  than  the  anal  and  A.  lundi  thus 
shares  this  character  with  the  majority  of  Acanthodes  species.  The 
early  co-ossification  of  the  two  divisions  of  the  lower  jaw  in  A.  lundi 
may  prove  to  be  diagnostic,  but  this  can  only  be  determined  after  a 
more  complete  growth  series  becomes  available.  None  of  the  measur- 
able specimens  so  far  available  have  the  lower  jaw  preserved,  and  the 
isolated  jaws  allow  for  only  rough  estimates  of  the  total  specimen  size. 

Denison  (1963: 149)  remarked  that  in  the  Acanthodii  "no  clear  trends 
are  indicated,  though  the  best  preserved  and  presumably  the  most 
strongly  mineralized  endoskeletons  occur  in  the  latest  genus  [ Acan- 
thodes].”  Based  on  this  statement,  Moy-Thomas  and  Miles  (1971:75) 
advanced  the  idea  that  the  heavy  ossification  of  the  endoskeleton  in 
Acanthodes  compensated  for  the  reduction  of  the  exoskeleton.  0rvig 
(1951:415)  concluded,  however,  that  "the  latter  Acanthodians  are  pre- 
sumably derived  from  forms  which,  besides  a subperichondral  calcified 
layer,  also  had  a perichondral  bone  layer  on  their  endoskeleton,”  and 
consequently  that  "the  absence  of  perichondral  bone  must  therefore 
in  all  probability  be  regarded  as  secondary.”  Studies  of  growth  series 
of  A.  " bronm  ’ (Watson,  1937),  A.  bridgei  (Zidek,  1976),  and  A.  lundi 
show  that,  although  the  ultimate  extent  of  ossification  of  their  endo- 
skeleton was  similar,  they  differ  in  the  time  ossification  was  initiated 
in  ontogeny.  This  is  particularly  apparent  with  respect  to  the  ossifi- 
cation—and  perichondral  co-ossification — of  the  neurocranium  and 
jaws,  which  started  later  in  life  in  the  geologically  younger  species.  In 
my  opinion,  these  observations  are  best  interpreted  as  a tendency  to- 
ward retrogressive  ossification  of  the  endoskeleton.  If  true,  current 
data  for  Acanthodes  would  appear  to  be  in  closer  accord  with  those 
of  0rvig  (1951:415;  although  perichondral  bone  is  present  in  Acan- 
thodes) than  with  those  of  Moy-Thomas  and  Miles  (1971:75).  This  is 
not  to  say,  however,  that  the  inverse  developmental  relationship  sug- 
gested for  the  two  skeletal  divisions  by  Moy-Thomas  and  Miles  should 
be  altogether  rejected.  Despite  the  apparent  regressive  trend  in  en- 
doskeletal  ossification,  taken  as  a whole,  Acanthodes  may  well  have 
had  a more  strongly  mineralized  endoskeleton  than  other  acanthodi- 
ans. Unfortunately,  our  knowledge  of  the  endoskeletons  of  the  geo- 
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logically  older  acanthodians  is  too  vague  to  recognize  trends  in  their 
mineralization. 


Heath  Shale  Coprolites 

The  Carnegie  Museum  of  Natural  History  collection  of  Heath  shale 
Acanthodes  contains  numerous  coprolites.  In  addition  to  twenty  un- 
cataloged, isolated  coprolites,  a number  of  coprolites  are  associated 
with  the  CM  25603  suite  of  Acanthodes  specimens,  and  a coprolite  is 
present  in  the  tail  region  of  CM  25598  (Figs.  1C,  7D).  All  the  coprolites 
are  contained  within  the  shale  laminae  and  only  their  rough  outlines 
are  visible.  Because  manual  removal  of  the  firmly  adhering  shale  ma- 
trix is  exceedingly  time  consuming  and  difficult,  this  was  done  only  for 
CM  25598,  in  which  the  presence  of  delicate  skeletal  remains  did  not 
allow  alternate  methods  of  preparation.  The  uncataloged,  isolated  cop- 
rolites were  boiled  in  hydrogen  peroxide  and  the  remaining  shale  was 
removed  ultrasonically.  Specimens  prepared  in  this  way  are  whitish 
instead  of  their  original  dark  brown  color  and  reveal  all  the  minute 
surface  features  (Fig.  7A-C). 

Longitudinal,  transverse,  and  diagonal  sections  of  three  uncataloged 
specimens  revealed  a total  lack  of  internal  structure.  The  structureless 
interior  is  in  strong  contrast  to  fine  preservation  of  the  minute  external 
features.  On  these  grounds  the  specimens  may  be  designated  as  true 
coprolites  (excreta)  rather  than  enterospirae  (fossilized  intestines).  A 
mass  spectrographic  analysis  showed  major  amounts  of  phosphorus, 
silicon,  iron,  sodium,  calcium,  and  aluminum,  minor  amounts  of  mag- 
nesium and  manganese,  and  a trace  of  copper.  These  findings  are  es- 
sentially in  accord  with  those  of  Williams  (1972:16)  and  of  the  earlier 
writers  cited  by  him.  X-ray  diffraction  showed  the  presence  of  dahllite, 
a carbonated  calcium  phosphate. 

The  specimens  range  from  22  to  42  mm  in  length.  Many  have  col- 
lapsed and  the  width  thus  can  be  determined  in  only  a few.  In  those 
retaining  a more  or  less  round  cross  section  the  diameter  is  about  one- 
fourth  the  length  (Fig.  7A,  D).  In  these  relatively  undistorted  speci- 
mens the  anterior  end  (the  end  pointing  anteriorly  while  still  inside  the 
intestine)  is  more  acutely  pointed  than  the  posterior  end.  Whorls  are 
invariably  present;  they  vary  between  two  and  six  in  number,  are 
widely  spaced,  and  extend  through  much  of  the  specimen  length.  On 
the  basis  of  these  features,  all  the  specimens  examined  may  be  re- 
garded as  spiral  coprolites  belonging  in  the  amphipolar  category  of 
Neumayer  (1904) — as  opposed  to  his  heteropolar  category,  which  in- 
cludes specimens  with  more  numerous,  closely  spaced  whorls  concen- 
trated on  one  end  of  the  coprolite. 

Subparallel  folds  diagonal  to  the  long  axis  are  readily  apparent  in  a 
great  majority  of  the  specimens.  They  consist  of  broad  ridges  of  low 
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Fig.  7. — Representative  specimens  of  Heath  shale  coprolites,  all  with  anterior  ends 
facing  upward.  A,  D,  and  E are  cylindrical  specimens  regarded  as  belonging  to  Acan- 
thodes lundi,  B and  C are  conical  specimens  which  may  be  of  palaeoniscoid  derivation 
or  a fish  group  hitherto  unknown  from  the  Heath  shale.  Note  well  developed  secondary 
folds  in  A,  and  accumulation  of  Acanthodes  scales  in  E.  A,  B,  C,  and  E are  uncataloged, 
isolated  CM  specimens  and  D is  associated  with  CM  25598  (see  Fig.  1C).  Abbreviations: 
Asc,  Acanthodes  scales;  mf,  impressions  of  mucosal  folds;  psc,  palaeoniscoid  scales. 


relief  that  are  separated  by  narrow  grooves  and  are  continuous 
throughout  the  height  of  the  whorls.  The  angle  between  the  long  axis 
and  these  folds  cannot  be  measured  accurately,  for  their  course  is 
oblique-to-meandering.  Nevertheless,  it  can  be  said  that  the  angle  in 
no  instance  exceeds  45  degrees  and  in  most  instances  is  no  more  than 
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30  degrees.  According  to  Williams  (1972:13),  such  folds  “are  usually 
interpreted  as  sculpturing  produced  by  the  passage  of  fecal  material 
over  the  mucosal  folds  but  may  also  represent  casts  of  mucosal  folds 
on  the  outer  sheath  of  the  intestine.”  The  mucosal  folds  of  the  spiral 
valve  are  continuous  with  those  of  the  sheath,  but  the  orientation  of 
the  two  is  not  the  same;  the  folds  of  the  spiral  valve  run  perpendicular 
to  the  passage  of  the  fecal  material,  whereas  those  of  the  intestinal 
sheath  are  essentially  parallel  to  that  passage  (Williams,  1972:12,  Fig. 
8A).  From  this  it  follows  that  no  distinct  markings  could  result  from 
the  passage  of  fecal  material  over  the  mucosal  folds  of  the  spiral  valve. 
Because  the  movement  would  be  taking  place  in  a direction  essentially 
perpendicular  to  the  course  of  the  mucosal  folds  of  the  valve,  the  only 
markings  that  could  be  present  are  those  resulting  from  interruptions, 
if  any,  in  the  course  of  the  folds.  These  would  doubtless  be  minute, 
irregularly  distributed,  and  most  likely  rare.  Moreover,  such  markings 
would  be  discernible  only  in  a still  functioning  intestine;  postmortem, 
they  would  be  quickly  obliterated  by  the  mucosal  folds  of  the  valve 
imprinted  perpendicularly  over  them.  It  thus  follows  that  the  mucosal 
folds  of  the  intestinal  sheath  should  be  considered  responsible  for  the 
folds  of  the  coprolites.  Differentiating  between  sculpturing  produced 
by  the  passage  of  fecal  material  over  the  mucosal  folds  and  casts  of 
mucosal  folds  is  in  essence  a distinction  between  life  and  death,  re- 
spectively. Williams’  (1972)  explanation  of  the  external  folds  in  enter- 
ospirae  as  casts  of  mucosal  folds  is  therefore  undoubtedly  correct.  In 
contrast  to  enterospirae,  however,  the  Heath  Shale  specimens  are  true 
coprolites  and  the  folds  they  exhibit  could  have  been  produced  only 
by  bowel  action.  They  are  best  explained  as  sculpturing  produced  by 
the  passage  of  fecal  apatite  paste  over  the  terminal  mucosal  folds  of 
the  intestinal  sheath.  The  low  relief,  or  occasionally  even  partial  oblit- 
eration, of  the  folds  may  be  attributed  to  their  compression  during  the 
passage  through  the  anal  sphincter  muscle,  as  well  as  to  the  subsequent 
fossilization  processes. 

The  morphology  of  the  folds  is  not  quite  the  same  in  all  the  speci- 
mens. In  some  they  are  clearly  delineated  and  their  surface  is  smooth 
(Fig.  7B,  C),  whereas  in  others  they  are  barely  distinguishable  and 
their  surface  is  wrinkled  by  minute,  secondary  folds  (Fig.  7A).  The 
secondary  folds  are  especially  prominent  near  the  margins  of  the 
whorls  and  can  be  explained  either  by  presence  of  secondary  mucosal 
folds,  or  by  a higher  degree  of  compression  causing  the  secondary 
wrinkling  during  the  passage  of  fecal  material  through  the  sphincter 
muscle.  Until  the  latter  alternative  is  proved  correct,  the  possibility  of 
the  secondary  folds  having  taxonomic  significance  cannot  be  wholly 
discounted. 

Because  scattered  palaeoniscoid  scales  are  associated  with  Heath 
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shale  Acanthodes  specimens,  consideration  must  be  given  to  the  pos- 
sibility that  some  or  all  of  the  coprolites  are  of  palaeoniscoid  deri- 
vation. Williams  (1972:9,  17)  concluded  that  the  palaeoniscoid  valvular 
intestine  probably  was  of  the  simple  type  seen  in  the  modern  gar. 
However,  the  hitherto  known  palaeoniscoid  coprolites  are  heteropolar 
(Fritsch,  1895,  Text-fig.  303,  PI.  123;  1907:  PI.  11,  Figs.  1,  12;  Heyler, 
1969:  PI.  14,  Fig.  1;  Stamberg,  1976:  PI.  1),  and  their  morphology  is 
nearly  identical  with  the  Kansas  Pennsylvanian  enterospirae  that  Wil- 
liams (1972)  compared  with  the  spiral  valves  of  modern  elasmobranchs 
and  tentatively  assigned  to  the  xenacanth  sharks.  To  my  knowledge, 
none  of  the  heteropolar  coprolites  associated  with  palaeoniscoid  spec- 
imens have  been  sectioned,  but  their  morphology  and  their  position 
with  respect  to  the  body  of  the  fish  leave  little  doubt  that  they  are 
fossilized  intestines.  It  thus  appears  that  in  at  least  some  palaeonis- 
coids  the  spiral  valve  was  a structure  as  complex  as  that  in  elasmo- 
branchs. Increased  complexity  of  the  valve  results  in  increased  resis- 
tance to  the  passage  of  its  contents,  which  may  be  regarded  as  one  of 
the  reasons  why  “the  material  egested  from  the  cloaca  of  a shark  is 
either  in  liquid  or  loosely  viscous  form”  (P.  W.  Gilbert,  personal  com- 
munication in  Williams,  1972:9).  If  so,  it  then  would  be  perfectly  log- 
ical to  conjecture  that  palaeoniscoids  possessing  more  complex  spiral 
valves  did  not  produce  solid  excreta.  On  the  other  hand,  the  coprolite 
Coprolithes  rugatus,  described  by  Fritsch  (1907:19,  PI.  11,  Fig.  5)  and 
tentatively  assigned  by  him  to  Acrolepis,  is  very  similar  to  the  speci- 
men shown  here  in  Figure  7C. 

The  above  discussion  serves  to  illustrate  the  hazards  of  making  taxo- 
nomic assignments  for  isolated  enterospirae  and,  even  more  so,  for 
true  coprolites.  First  of  all,  there  is  no  guarantee  that  the  two  cate- 
gories of  spiral  coprolites  recognized  by  Neumayer  (1904),  heteropolar 
and  amphipolar,  represent  in  all  instances  enterospirae  and  excreta, 
respectively,  and  this  distinction  should  thus  be  viewed  only  as  a gen- 
eralization that  may  not  always  be  valid.  This  problem  has  already 
been  elucidated  by  Williams  (1972:17),  who  emphasized  the  necessity 
of  microscopic  study  of  the  internal  structure  in  determining  the  true 
nature  of  coprolites.  Secondly,  the  spiral  valve  is  known  to  be  ex- 
tremely variable  within  a genus  and  even  intraspecifically  (Parker, 
1885).  Further,  for  physiological  reasons  it  is  to  be  expected  that  in- 
testinal contents  would  at  times  vary  in  consistency,  which  in  turn 
would  result  in  varying  morphologies  of  the  excreta  of  an  individual. 
Therefore,  determination  of  the  original  bearer  of  a detached  enter- 
ospira  or  the  producer  of  an  isolated  coprolite  can  only  be  tentative, 
even  when  faunal  analysis  and  skeletal  inclusions  of  the  coprolites  are 
considered. 

In  the  Heath  shale  coprolites  the  skeletal  inclusions  consist  of  small 
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palaeoniscoid  and  Acanthodes  scales;  no  fragments  of  invertebrates 
have  been  found.  The  palaeoniscoid  scales  are  distributed  more  or  less 
evenly  among  the  successive  whorls  (Fig.  7B,  C),  whereas  the  Acan- 
thodes scales  occur  in  small  patches  that  are  concentrated  near  the 
anterior  end  of  the  coprolites  (Fig.  7A,  E).  The  two  types  of  scales 
have  not  been  found  occurring  together.  The  presence  of  Acanthodes 
remains  in  the  body  cavity  of  a palaeoniscoid  (Traquair,  1879)  and, 
conversely,  of  palaeoniscoid  remains  in  the  body  cavity  of  Acanthodes 
sulcatus  (Watson,  1937:115;  Miles,  1968:124;  Moy-Thomas  and  Miles, 
1971:76)  indicates  that  the  two  types  of  fish  had  occasionally  fed  on 
each  other.  However,  this  by  no  means  implies  that  the  Heath  shale 
coprolites  containing  palaeoniscoid  scales  are  to  be  attributed  to  Acan- 
thodes and  vice  versa.  Cannibalism  is  widespread  among  modern  fish, 
sometimes  involving  individuals  of  almost  equal  size,  and  there  is  no 
reason  to  assume  that  this  was  not  the  case  among  the  Heath  shale 
acanthodians  or  palaeoniscoids.  It  is  thus  clear  that  identification  of 
skeletal  inclusions  alone  cannot  serve  as  a means  for  establishing  the 
derivation  of  the  coprolites.  Further  mention  of  the  CM  25598  may  be 
of  some  help  here,  because  it  is  the  only  instance  in  which  a coprolite 
is  closely  associated  with  skeletal  remains  of  A.  lundi.  If  the  CM  25598 
represents  a fish  in  natural  association  with  its  excretum,  then  it  would 
follow  that  egestion  and  death  occurred  almost  simultaneously.  Since 
the  coprolite  could  not  be  sectioned,  it  cannot  be  said  with  absolute 
certainty  that  it  is  a true  excretum,  nor  can  it  be  conclusively  shown 
that  its  association  with  the  fish  is  natural.  Nevertheless,  there  is  some 
evidence  favoring  the  true  coprolite — natural  association  thesis:  a)  the 
position  in  the  tail  region  of  the  fish  (Fig.  1C)  is  atypical  of  enteros- 
pirae;  b)  other,  sectioned  specimens  of  the  same  external  morphology 
are  true  excreta;  and  c)  coprolites  of  the  same  external  morphology  as 
is  that  of  CM  25598  are  associated  with  many  of  the  Acanthodes  spec- 
imens in  the  CM  25603  suite,  but  never  with  the  scattered  patches  of 
palaeoniscoid  scales  from  the  same  locality. 

The  CM  25598  is  about  100  mm  in  estimated  nose-to-caudal  cleft 
length,  and  the  coprolite  associated  with  it  is  28  mm  long  and  has  a 
maximum  diameter  of  7 mm.  The  morphology  of  this  coprolite  (Fig. 
7D)  is  very  similar  to  the  uncataloged,  isolated  specimens  shown  in 
Figures  7A  and  E which  contain  only  Acanthodes  scales;  these,  in 
turn,  are  distinguishable  from  those  of  Figures  7B  and  C which  contain 
only  palaeoniscoid  scales.  The  specimen  of  Figure  7A  is  32  mm  long 
and  9 mm  in  maximum  diameter  and  the  largest  scales  it  contains  are 
0.25  mm  broad.  The  specimen  partially  shown  in  Figure  7E  is  42  mm 
long  and  10.5  mm  in  maximum  diameter  and  the  largest  scales  it  con- 
tains are  0.5  mm  broad.  The  scale  sizes  may  be  converted  into  scale 
counts  of  four  scales  per  millimeter  in  a row  for  that  figured  in  7A  and 
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two  scales  per  millimeter  in  a row  for  that  figured  in  7E,  which  indicate 
fish  about  140  and  250  mm  long,  respectively.  Because  the  scales  mea- 
sured may  not  represent  the  largest  body  scales  of  the  ingested  fish, 
the  total  length  estimates  are  to  be  regarded  as  minimal.  It  follows 
from  this  that  the  fish  that  produced  the  33  mm  long  coprolite  swal- 
lowed an  Acanthodes  at  least  140  mm  long,  and  the  one  that  produced 
the  42  mm  long  coprolite  swallowed  an  Acanthodes  at  least  250  mm 
long.  There  is  no  way  to  determine  the  size  of  the  predators,  except 
for  concluding  that  they  were  larger  than  the  prey.  The  predator-prey 
size  difference  may  not  have  been  substantial,  however,  because  acan- 
thodians  and  palaeoniscoids  had  large  jaw  gapes.  Based  on  the  above 
discussion,  the  coprolites  of  Figures  7A,  D (CM  25598)  and  E are 
tentatively  identified  as  produced  by  Acanthodes  lundi  preying  on 
smaller  individuals  of  its  own  species.  They  represent  one  of  two  mor- 
phological types  of  coprolites  found  in  the  Heath  shale  collection  and 
can  be  characterized  by  a cylindrical  shape  with  the  anterior  end  more 
acutely  pointed  than  the  posterior  end,  two  or  three  whorls  only,  and 
the  possible  presence  of  secondary  folds.  The  second  type  of  coprolite, 
which  includes  those  of  Figures  7B  and  C,  is  characterized  by  a conical 
shape,  a higher  number  of  whorls  (up  to  six),  and  well  defined,  smooth 
folds  (secondary  folds  are  absent).  This  type  may  be  of  palaeoniscoid 
derivation,  but  the  possibility  cannot  be  discounted  that  it  belongs  to 
a group  of  fish  hitherto  unrecorded  from  the  Heath  shale.  The  presence 
of  only  Acanthodes  scales  in  the  cylindrical  coprolites  and  only  pa- 
laeoniscoid scales  in  the  conical  coprolites,  as  well  as  the  absence  of 
invertebrate  inclusions,  may  be  due  to  an  insufficient  number  of  spec- 
imens studied. 

To  my  knowledge,  the  only  acanthodian  coprolites  described  to  date 
are  two  specimens  from  the  Upper  Carboniferous  of  Bohemia,  Czecho- 
slovakia. Both  are  associated  with,  and  undoubtedly  derived  from, 
Acanthodes  and  were  named  Coprolithes  acanthodi  by  Fritsch 
(1907:20,  PI.  11,  Fig.  8,  PI.  12,  Fig.  17).  As  far  as  can  be  discerned 
from  the  poor  figures  given  by  Fritsch,  the  specimens  are  broken  lon- 
gitudinally and  show  short  series  of  imbricating  cones.  It  thus  appears 
that  they  are  enterospirae  and,  therefore,  cannot  be  compared  with 
the  Heath  shale  specimens. 

The  genus  Acanthodes  is  generally  regarded  as  microphagous;  the 
few  fossils  which  document  the  ingestion  of  large  prey  by  Acanthodes 
have  been  interpreted  as  indicating  atypical  behavior  (Miles,  1968: 124; 
Moy-Thomas  and  Miles,  1971:76).  The  thesis  of  typically  micropha- 
gous habit  has  been  accepted  because  of  the  edentulous  condition  of 
the  genus,  but  this  may  not  be  entirely  correct.  Jaw  teeth  are  not 
necessary  for  swallowing  a large  prey,  and  Acanthodes  is  known  to 
possess  well  developed  gill  rakers  which  could  have  assisted  in  holding 
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the  prey.  The  derivation  of  the  Heath  shale  cylindrical  coprolites  im- 
plies that  considerable  differences  in  diet  may  have  existed  among 
Acanthodes  species.  The  species  possessing  long,  slender  gill  rakers 
may  have  been  primarily  microphagous,  whereas  those  possessing 
shorter,  tooth-like  gill  rakers  may  have  been  primarily  macrophagous. 
Acanthodes  lundi  belongs  in  the  latter  category. 
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Abstract 

Though  specimens  of  creodonts  and  carnivores  are  relatively  rare  in  the  Badwater 
Upper  Eocene  deposits,  the  six  to  eight  taxa  represented  include  a limnocyonid,  several 
miacids,  an  amphicyonid,  and  a ?canid.  The  amphicyonid,  Daphoenus  demilo,  new 
species,  is  the  oldest  known  member  of  this  family  and  retains  some  primitive,  miacid- 
like  characteristics. 


Introduction 

Carnivores  are  one  of  the  most  incompletely  represented  groups  of 
mammals  in  the  Badwater  Upper  Eocene  deposits.  Only  fifteen  iden- 
tifiable specimens  of  Carnivora  and  one  of  a creodont  are  known, 
representing  six  to  eight  taxa.  The  specimens  include  one  nearly  com- 
plete mandibular  ramus,  but  for  the  most  part  consist  of  fragments  of 
upper  and  lower  jaws  and  isolated  teeth.  In  many  mammalian  groups 
this  record  would  provide  no  great  detriment  to  determination  of  re- 
lationships, but  in  carnivores  basicranial  evidence  has  been  found  to 
provide  fundamental  clues  to  relationships  (for  example,  Hunt, 
1974:1039).  This  study  of  the  Badwater  carnivores,  based  almost  en- 
tirely on  dental  evidence,  cannot  contribute  the  kind  of  information 
provided  by  the  basicranium,  but  can  give  some  indication  of  carnivore 
diversity  during  a faunally  interesting  interval.  It  also  adds  one  family, 
the  Amphicyonidae,  to  the  North  American  Eocene  record. 
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Upper  Eocene  North  American  Creodonta  and  Carnivora  have  yet 
to  be  reviewed  comprehensively.  Most  studies  on  Eocene  carnivorous 
mammals  still  rely  on  Matthew  (1909)  for  a comparative  treatment, 
although  Peterson’s  work  (1919)  on  carnivores  from  the  Upper  Eocene 
of  the  Uinta  Basin,  Utah,  and  Stock’s  studies  (1933,  1934,  1935)  on 
carnivores  from  the  Upper  Eocene  Sespe  deposits  of  California  con- 
tributed substantially  to  the  record.  Work  now  in  progress  (MacIntyre 
on  miacids;  Gustafson  on  Late  Eocene  to  Oligocene  carnivores  and 
creodonts  of  the  Vieja  area,  Texas;  Hunt  on  Oligocene  amphicyonids) 
can  be  expected  to  put  the  Upper  Eocene  in  better  perspective. 
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Abbreviations 

Collections  are  identified  by  the  following  abbreviations:  AMNH,  American  Museum 
of  Natural  History;  CM,  Carnegie  Museum  of  Natural  History;  LACM,  Los  Angeles 
County  Museum;  TT,  Museum  of  Texas  Tech  University;  USNM,  National  Museum 
of  Natural  History. 


Localities 

Previous  parts  of  this  series  (Black  and  Dawson,  1966;  Black,  1974) 
provide  information  on  the  localities  from  which  the  mammals  de- 
scribed here  were  collected. 

Systematic  Descriptions 

Order  Creodonta 
Family  Limnocyonidae 
Limnocyon  ?sp. 

Specimen. — USNM  21088,  maxillary  fragment  with  P4. 

Locality  .-—5.  Uintan. 

Discussion. — This,  the  only  creodont  known  from  the  Badwater 
Eocene  deposits,  was  described  by  Gazin  (1956:9).  It  is  smaller  than 
Limnocyon  potens  (=L.  douglassi)  from  the  early  Uintan  (Washakie 
B,  Uinta  B).  The  Badwater  specimen  is  inadequate  to  serve  as  more 
than  a record  of  the  occurrence  of  a creodont  in  the  faunas. 

Order  Carnivora 
Family  Miacidae 
Tapocyon  cf.  T.  robustus 

Specimens. — CM  17500,  right  maxillary  fragment  with  P-M1;  USNM  21087,  left  jaw 
with  P4-M2;  CM  16894,  left  P2;  CM  15991,  left  P4;  CM  16776,  right  U,  trigonid. 
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Fig.  1. — Tapocyon  cf.  T.  robustus,  CM  17500,  right  P-M1,  occlusal  view. 


Localities. — 5,  6,  7.  Uintan. 

Descriptions  and  comparisons.—  Of  the  five  specimens  referred  to 
Tapocyon  from  the  localities  in  the  Badwater  Upper  Eocene,  no  two 
were  associated,  but  similarity  to  the  better  sample  of  Tapocyon  oc- 
cidentalis  from  the  Tapo  Ranch  fauna,  in  the  Upper  Eocene  Sespe 
Formation  (Stock,  1934),  supports  their  reference  to  this  genus.  Size 
agreement  within  the  Badwater  sample  suggests  that  one  species  is 
present. 

Known  species  of  Tapocyon  include  Tapocyon  occidentalis  Stock, 
1934,  from  the  Sespe,  and  Tapocyon  robustus  (Peterson,  1919),  based 
on  a lower  jaw  with  P4-M2  and  associated  partial  postcranial  skeleton 
from  the  Myton  member,  Uinta  Formation  of  Utah.  Peterson  (1919:50— 
52)  referred  the  latter  questionably  to  Prodaphoenus,  pointing  out  that 
a new  genus  may  be  represented.  Stock  (1934:425-426)  referred  P. 
(?)  robustus  to  Tapocyon,  showing  that  T.  occidentalis  and  T.  robus- 
tus are  very  similar,  the  main  differences  being  that  the  former  is 
slightly  smaller  in  overall  size  and  has  a wider  posterointernal  expan- 
sion on  P4. 

The  specimens  of  Tapocyon  from  Badwater  differ  in  a few  features 
from  those  of  T.  occidentalis  and  T.  robustus  but  there  is  no  great 
morphological  gap  between  the  California,  Utah,  and  Wyoming  sam- 
ples. The  jaw  from  Badwater,  USNM  21087,  referred  to  by  Gazin 
(1956:9)  as  Miacis  cf.  robustus  (Peterson,  1919)  is  less  deep  than  in  T. 
occidentalis  and  T.  robustus.  The  maxillary  fragment  with  P4-M4,  CM 
17500,  the  teeth  complete  except  for  the  paracone  tip  on  P4  (Fig.  1), 
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Table  1. — Measurements,  in  mm,  o/ Tapocyon  cf.  T.  robustus. 


Measurements 

CM  17500 

P4  anteroposterior 

16.5 

M1  anteroposterior 

6.8 

M1  transverse 

14.4 

is  generally  similar  to  the  type  of  T.  occidentalis,  LACM  (CIT)  1654, 
a maxillary  fragment  with  the  same  teeth.  The  parastylar  region  of  P4 
in  CM  17500,  broken  in  the  type  of  T.  occidentalis,  is  well  developed 
and  has  a small  but  distinct  anteromedial  cuspule.  Between  P4  and  M1 
the  maxillary  surface  is  deeply  excavated.  The  parastylar  projection 
of  M1  in  CM  17500  is  wider  anteroposteriorly  than  in  LACM  (CIT) 
1654  and  in  a referred  Tapo  Ranch  specimen,  LACM  (CIT)  1651. 

The  two  specimens  of  P4  from  Badwater  show  that  this  tooth  is 
somewhat  variable.  In  USNM  21087,  P4  is  less  expanded  posteroin- 
ternally  than  in  CM  15991.  Tapocyon  occidentalis,  LACM  (CIT)  1650, 
is  between  the  two  Badwater  specimens  in  amount  of  posterointernal 
expansion  of  P4.  Stock  (1934:425)  used  the  narrower  posterior  part  of 
P4  in  T.  robustus  as  a feature  to  differentiate  this  specimen  from  T. 
occidentalis.  Variation  in  this  character  within  the  Badwater  sample 
suggests  that  it  may  not  be  reliable.  The  paraconid  of  P4  in  both  Bad- 
water specimens  and  T.  robustus  is  more  anteroposteriorly  oriented, 
less  transverse,  than  in  T.  occidentalis. 

Tapocyon  is  characterized  by  a reduced  talonid  of  Mx  and  a small 
M2.  Tapocyon  occidentalis  has  the  greatest  reduction,  with  a narrow, 
somewhat  elongated  M,  talonid,  and  the  smallest  M2,  especially  re- 
duced in  the  talonid.  In  USNM  21087  the  talonid  of  Ml  has  a broken 
surface  but  its  outline  appears  transversely  wider  than  in  T.  occiden- 
talism in  the  Badwater  specimen  M2  is  larger  than  in  T.  occidentalis. 
T.  robustus  is  at  the  large  end  of  the  spectrum,  with  a transversely 
wider,  anteroposteriorly  shorter  talonid  of  and  largest  M2. 

Relationships. — The  samples  of  Tapocyon  from  Wyoming,  Utah, 
and  California  appear  to  form  a closely  related  group,  all  occurring  in 
the  Late  Uintan.  The  Wyoming  sample  seems  slightly  closer  to  that 
from  Utah  than  to  that  from  California,  mostly  on  the  basis  of  the 
better  development  of  the  talonid  of  Mt  and  of  M2  in  the  former  two. 
More  complete  material  from  Wyoming  and  Utah  may  show  that  Tap- 
ocyon from  these  two  geographic  areas  are  distinct  specifically,  but  at 
present  no  specific  distinction  is  recognized.  The  Badwater  material 
yields  no  new  information  on  the  position  of  Tapocyon  within  the 
Miacidae.  Stock  (1934)  emphasized  its  rather  aberrant  position  within 
the  family.  The  aberrant  features  appear  to  be  mostly  in  the  direction 
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of  some  “cat-like”  adaptations  shown  by  Tapocyon  including  some 
premolar  reduction,  and  the  structure  of  the  jaw,  robust  anteriorly  and 
with  a relatively  straight  ventral  border  (Galiano,  personal  communi- 
cation, 1979;  Hunt,  1974:1039,  for  Uintacyon  robustus  p Tapocyon 
robustus  as  used  here). 

Family  Amphicyonidae 
Daphoenus  demilo , new  species 

Type  specimen. — CM  15596,  right  jaw  with  Px , Pg-Mj,  Wood  local- 
ity. Duchesnean. 

Referred  specimens  .—CM  35871,  right  maxillary  fragment  with 
M1-2;  CM  35872,  right  jaw  fragment  with  broken  P3,  P4-M2;  both  lo- 
cality 20.  Duchesnean. 

Etymology.—  The  name,  a classical  allusion,  is  dedicated  to  our  volunteer  worker, 
Lee  Schiffer,  and  her  timeless  brand  of  humor. 

Specific  characters.—  Small  species  of  Daphoenus.  Lower  teeth 
closely  spaced  except  P4 , which  has  diastemata  anterior  and  posterior 
to  it.  Mj  trigonid  less  open  than  in  other  species  of  genus.  M2  with  well 
developed  paraconid.  M1  with  buccal  shelf  well  developed. 

Description. — The  jaw  of  the  type  specimen,  CM  15596  (Fig.  2),  is  slender  with  a 
gently  curved  ventral  border.  One  mental  foramen  occurs  in  a line  below  the  diastema 
behind  P,  and  the  second,  smaller  foramen  is  higher  on  the  jaw  in  a line  below  the 
talonid  of  P2.  The  teeth  preserved  in  this  specimen,  Px , P3,  P4,  and  Mx , are  well  worn; 
the  lower  canine,  P2 , M2 , and  M3  are  broken  off  but  their  position  and  approximate  size 
can  be  determined.  The  lower  canine  is  represented  only  by  the  large  root.  Px  is  a 
stubby,  single  rooted  tooth  with  the  worn  crown  elongated  anteroposteriorly;  it  is  sep- 
arated from  the  canine  and  P2  by  diastemata.  P2  appears  to  have  been  closely  appressed 
to  P3 , and  the  worn  P3  to  P4.  P4 , a larger  tooth  than  P3 , has  a tiny  anterior  cuspule  and 
a well  developed  posterior  accessory  cusp  situated  posterobuccal  to  the  main  cusp;  the 
talonid  is  bordered  by  a cingulum  and  bisected  by  a longitudinal  crest.  Mx , the  largest 
tooth,  has  at  this  stage  of  wear  the  metaconid  worn  lower  than  the  paraconid;  the  basined 
talonid  is  slightly  narrower  than  the  trigonid.  The  alveoli  show  that  M2  was  two  rooted 
and  the  trigonid  alveolus  is  slightly  wider  than  that  of  the  talonid.  M3  was  also  two 
rooted;  the  trigonid  alveolus  is  about  as  wide  as  the  talonid  alveolus  of  M2;  the  talonid 
alveolus  is  shorter  anteroposteriorly  than  the  trigonid  alveolus. 

The  referred  incomplete  jaw,  CM  35872,  has  less  worn  teeth.  The  very  incomplete  P3 
suggests  that  a posterior  accessory  cusp  was  present.  The  talonid  of  P4  is  wider  than  in 
the  type  due  to  its  expansion  both  buccally  and  lingually.  At  this  stage  of  wear  the 
metaconid  of  Mx  is  higher  than  the  paraconid.  M2  is  well  developed,  with  the  paraconid 
only  slightly  smaller  than  the  metaconid  and  an  elongated,  basined  talonid  nearly  as 
wide  as  the  trigonid. 

With  such  a small  sample,  one  jaw  from  Wood  locality  and  one  from  locality  20,  it  is 
difficult  to  determine  whether  the  dental  differences  between  these  specimens  represent 
variation  or  a specific  difference.  The  specimens  are  treated  here  as  representing  one 
species.  Other  faunal  evidence  suggests  that  the  specimens  from  Wood  locality  and 
locality  20,  though  not  exactly  the  same  in  age,  are  younger  than  those  from  the  other 
Badwater  Upper  Eocene  localities. 

In  the  maxillary  fragment,  CM  35871  (Fig.  3),  M1  is  slightly  worn  with  wear  facets 
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Fig.  2. — Daphoenus  demilo,  CM  15596,  holotype.  A)  Occlusal  view  of  Pg-M^  B)  Lateral 
view  of  jaw;  C)  Occlusal  view  of  jaw;  broken  M2  stippled. 


present  on  the  anterior  surface  between  paracone  and  parastyle,  the  posterior  slope  of 
the  paracone,  and  the  top  of  the  metacone.  M1  has  a distinct  shelf  buccal  to  the  paracone 
and  metacone,  on  which  a ridge  extends  from  the  paracone  to  the  rounded  anteroexternal 
parastyle,  and  with  a raised  anteroposterior  crest  near  the  buccal  border.  The  protocone 
is  situated  at  the  apex  of  a V-shaped  basin.  The  paraconule  is  distinct,  the  metaconule 
somewhat  less  so.  The  internal  cingulum  is  well  developed,  especially  posterolingually, 
and  extends  as  a narrower  shelf  around  anterior  and  posterior  sides  of  the  tooth,  at  least 
to  a line  with  the  conules.  The  buccal  part  of  M2  is  broken  away,  but  the  more  lingual 
part  preserved  shows  a V-shaped  basin  buccal  to  the  protocone,  a well  developed  in- 
ternal cingular  shelf  that  is  relatively  better  developed  anterolingually  than  on  Mx , and 
with  anterior  and  posterior  extensions  along  the  sides  of  the  tooth.  The  specimen  is  too 
incomplete  to  give  any  indication  of  M3. 
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Fig.  3. — Daphoenus  demilo,  CM  35871,  occlusal  view  of  right  maxilla  with  M1-2. 


Comparisons  and  relationships. — Reference  of  this  Late  Eocene 
species  to  the  genus  Daphoenus  is  based  on  the  following  combination 
of  characters:  robustly  developed  M1  and  M2  (so  far  as  known);  M1 
with  well-developed  cingulum  across  entire  lingual  wall;  spacing  of 
lower  premolars  with  some  gaps  anteriorly,  crowding  posteriorly;  P4 
with  well-developed  posterior  accessory  cusp  posteroexternal  to  the 
main  cusp;  structure  of  M1-2  with  wide  basined  talonid  on  both,  M2 
relatively  well  developed.  Daphoenus  demilo  is  more  primitive  than 
other  species  of  Daphoenus  in  the  well-developed  buccal  shelf  on  M1, 
a feature  characteristic  of  miacids,  the  less  open  trigonid  of  M1?  and 
the  better  developed  paraconid  of  M2.  Other  species  of  Daphoenus 
usually  show  more  spacing  of  the  anterior  premolars  than  in  D.  demilo 
with  a diastema  posterior  to  P2. 

Daphoenus  demilo  is  less  like  the  other  daphoenines,  Daphoenocyon 
and  Daphoenictis.  D.  demilo  differs  from  Daphoenocyon  in  having  a 
more  slender  jaw,  lower  premolar  spacing,  and  less  bulbous  P4-M2. 
The  referred  specimen  of  D.  demilo  from  locality  20  does  show  some 
suggestion  of  Daphoenocyon  in  the  expanded  talonid  of  P4 , although 
the  expansion  is  only  slightly  greater  than  in  other  species  of  Daphoen- 
us. The  peculiar  cat-like  Daphoenictis  is  very  unlike  D.  demilo  in  its 
elevated  P3,  emphasis  on  the  posterior  accessory  cusp  on  P3_4,  and 
the  reduced,  shearing  structure  of  M4. 
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Table  2. — Measurements , in  mm,  of  Daphoenus  demilo. 


Measurements 


CM  155% 


CM  35872 


CM  35871 


Pj  anteroposterior 
P3  anteroposterior 
P4  anteroposterior 
M!  anteroposterior 
M2  anteroposterior  (alveolar) 

M3  anteroposterior  (alveolar) 

Pi~M3  anteroposterior  (alveolus  of  M3) 
P ! — P 4 anteroposterior 
Mt_3  anteroposterior  (alveolus  of  M3) 
Depth  jaw  at  Mx 


2.9 

7.0 

9.5 

11.0 

5.4 

3.4 
50.1 

30.0 
21.8 

17.0 


9.1 

10.9 

7.4 


M1  anteroposterior 
M1  transverse 


7.5 

12.5 


Discussion. — Daphoenus  demilo  extends  the  record  of  the  family 
Amphicyonidae,  subfamily  Daphoeninae,  back  into  the  Late  Eocene 
in  North  America.  By  the  Chadronian  presence  of  three  distinct  lines 
of  daphoenine  development  shows  considerable  divergence  of  the 
group  in  North  America,  from  the  relatively  conservative  Daphoenus 
(Russell,  1972)  to  Daphoenocyon  (Hough,  1948)  and  the  cat-like  Da- 
phoenictis  (Hunt,  1974).  So  far  as  known  only  Daphoenus  continued 
throughout  the  Oligocene.  (The  entire  complex  and  the  apparently 
closely  related  amphicyonids  of  Europe  are  under  review  by  Hunt.) 


Specimen. — CM  37480,  right  jaw  fragment  with  Mj_2. 

Locality. — 1.  Uintan. 

Discussion. — The  only  specimen  of  this  taxon  from  the  Bad  water 
deposits  (Fig.  4)  generally  resembles  the  type  of  Procynodictis  vulpi- 
ceps,  AMNH  2514  (“. Diplacodon  beds”),  and  referred  specimens, 
AMNH  1995  and  2506,  both  from  the  base  of  Uinta  C.  The  main  dif- 
ferences of  CM  37480  from  the  type  are  in  the  former  the  trigonid  of 
Mj  is  somewhat  more  closed  and  M2  is  smaller,  especially  in  the  tal- 
onid.  M2  in  AMNH  2506  is  closer  in  size  to  that  of  the  Badwater 
specimen,  so  size  of  M2  appears  variable  and  is  not  considered  a char- 
acter to  prevent  reference  of  the  Badwater  specimen  to  P.  vulpiceps. 

The  fortunate  occurrence  of  a forelimb  with  the  jaw  of  the  type  of 
P.  vulpiceps  (Wortman  and  Matthew,  1899)  showed  that  this  form  had 
technically  become  a canid  by  having  a carpus  with  fused  scapholunar 
bone.  There  is  no  basicranial  evidence  on  the  affinities  of  Procynodictis 
and  certainly  no  sharp  dental  differences  separate  P.  vulpiceps  from 


Family  ?Canidae 
Procynodictis  vulpiceps 
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Fig.  4 .—Procynodictis  vulpiceps,  CM  37480.  Top,  medial  view  of  jaw  fragment;  bottom, 
occlusal  view  with 

miacids.  Procynodictis,  as  well  as  the  possibly  closely  related  Miacis 
gracilis  Clark,  1939,  and  Plesiomiacis  Stock,  1935,  illustrate  not  only 
the  progressive  nature  of  some  U intan  carnivores  but  also  the  diffi- 
culties of  determining  relationships  in  the  group. 

Family  Indet. 

Five  incomplete  specimens  cannot  be  referred  with  assurance  to  any 
genus.  Their  dental  characters  are  suggestive  of  the  miacid-canid-am- 
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Fig.  5.— -CM  19735,  occlusal  view  of  left  M1-2. 


phicyonid  type  of  carnivore  development  but  no  family  assignment  is 
given  here. 

Specimen. — CM  19735,  locality  6,  left  maxillary  fragment  with  M1-2  (Fig.  5).  M1  is 
slightly  broken  buccally  but  appears  to  have  had  a wide  buccal  shelf  and  a distinctly 
projecting  parastyle;  the  paracone  is  much  more  prominent  than  the  metacone,  and  both 
protoconule  and  metaconule  are  present;  the  protocone  has  a strong  ridge  from  its 
posterior  side  to  the  metaconule;  the  strong  internal  cingulum  crosses  the  entire  lingual 
side  of  the  tooth,  has  a somewhat  hypocone-like  posterointernal  swelling,  and  is  con- 
tinued by  narrower  cingula  along  both  anterior  and  posterior  sides  of  the  tooth.  M2, 
broken  lingually,  is  smaller  than  M1,  but  like  it  has  a well  developed  buccal  shelf  and 
prominent  paracone. 

Specimens. — CM  16053,  locality  6,  right  jaw  fragment  with  broken  P4-Mj  (Fig.  6), 
and  CM  15583,  locality  5A,  trigonid  of  left  Mx.  On  P4  anterior  and  posterior  accessory 
cusps  are  distinct;  a ridge  extends  from  the  posterior  surface  of  the  posterior  cusp  to 
end  in  a small  cuspule;  the  talonid  is  wider  lingually  than  buccally  and  is  surrounded  by 
a cingular  shelf.  The  trigonid  of  Mx  in  CM  16053  is  broken  but  that  of  CM  15583, 
probably  the  same  species,  is  distinctly  triangular.  The  talonid  of  Mx  has  a buccal  cin- 
gulum; the  hypoconid  crest  is  thus  not  buccally  situated  and  the  heel  is  trenchant, 
somewhat  as  in  Uintacyon.  Perhaps  the  most  striking  feature  of  CM  16053  is  the  large 
size  of  P4  relative  to  Mx  (see  table  of  measurements). 

Specimen. — CM  29063,  locality  20,  left  M1,  broken  buccally.  This  specimen  is  smaller 
than  CM  19735  but  resembles  it  in  having  a well  developed  lingual  cingulum  that  extends 
along  the  entire  lingual  wall  and  connects  to  a narrower  shelf  along  the  anterior  wall  of 
the  tooth. 

Specimen. — TT  5955,  locality  20,  trigonid  of  left  Mx. 
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Fig.  6. — CM  16053,  occlusal  view  of  right  P4-Mx. 


Discussion.—  Size  similarity  suggests  that  the  maxillary  fragment 
and  the  jaw  fragment  from  locality  6 may  represent  the  same  species, 
as  may  the  M1  and  Mt  trigonid  from  locality  20.  There  is,  of  course, 
no  assurance  of  this,  and  these  specimens  do  little  other  than  provide 
a record  of  the  smaller-sized  carnivores  in  the  faunas.  The  relatively 
large  P4  and  trenchant  talonid  of  Mx  in  CM  16053  are  distinctive  fea- 
tures, and  the  presence  of  strong  lingual  cingula  in  CM  19735  and  CM 
29063  lend  a somewhat  daphoenine  appearance  to  these  specimens. 
That  this  type  of  upper  molar  morphology  was  more  widespread  than 
has  been  recognized  is  suggested  by  some  specimens,  under  study  by 
Emry,  from  the  early  Chadronian  of  Bates  Hole,  Wyoming,  with  a 
somewhat  similar  development  of  M1. 

Late  Eocene  Record  of  Carnivores  in  North  America 

During  the  Late  Eocene  carnivores  are  represented  by  genera  con- 
tinuing from  the  Bridgerian  as  well  as  more  progressive  forms  (Table  4). 

The  hyaenodontids  show  the  greatest  generic  diversity  during  the 
entire  interval,  although  this  can  be  broken  into  the  Uintan  survival  of 


Table  3. — Measurements,  in  mm,  of  CM  16053. 


Measurements 


P4  anteroposterior 

6.7 

P4  transverse 

2.9 

M,  anteroposterior 

6.8 

Mi  transverse 

3.9 

Depth  jaw  at  Mx 

12.8 

90 


Annals  of  Carnegie  Museum 


vol.  49 


Table  4. — Distribution  of  named  carnivore  genera  in  the  North  American  Late  Eocene. 


Taxa 

Early  Uintan1 

Late  Uintan2 

Duchesnean3 

Hyaenodontidae 

Limnocyon4 

X 

X 

Oxyaenodon 

X 

Apataelurus 

X 

Proviverra 4,5 

X 

Hyaenodon 

X 

Pterodon 

X 

Miacidae 

Miacis4 

X 

X 

Uintacyon 4 

X 

X 

Tapocyon 

X 

Plesiomiacis 6 

X 

Canidae? 

Procynodictis 

X 

Amphicyonidae 

Daphoenus 

X 

Family  Indet. 

Eosictis 

X 

1 Washakie  B,  Wagonhound,  Poway. 

2 Myton,  Halfway,  Tapo  Ranch,  Badwater  localities  5,  6,  7. 

3 Lapoint,  Pearson  Ranch,  Badwater  localities  Wood,  20. 

4 Occurs  also  in  Bridgerian. 

5 Mimocyon  longipes  Peterson,  1919,  appears  referrable  to  Proviverra. 

6 Possibly  closely  allied  to  Procynodictis . 


two  Bridgerian  genera  and  presence  of  two  new  forms,  and  the  Du- 
chesnean  appearance,  apparently  following  immigration  from  Eurasia, 
of  Hyaenodon  and  Pterodon.  Miacids  are  well  represented  and  include 
progressive  forms,  such  as  Miacis  gracilis,  showing  some  canid-like 
features.  Basicranial  evidence  is  not  available  for  the  Late  Eocene 
miacids,  except  M.  gracilis.  Although  Procynodictis  has  been  referred 
to  the  Canidae,  this  is  based  on  postcranial  evidence,  and  in  the  ab- 
sence of  basicranial  evidence  relationships  among  the  Late  Eocene 
miacids  and  Procynodictis  and  between  these  and  later  carnivores  are 
not  clearly  established. 

No  felids  or  machairodontids  are  known.  Somewhat  cat-like  dental 
adaptations  are  shown,  however,  by  the  hyaenodontid  Apataelurus, 
the  miacid  Tapocyon,  and  Eosictis,  a form  of  uncertain  familial  allo- 
cation. 
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Abstract 

Ten  species  and  subspecies,  representing  all  species  groups,  of  the  emydine  turtle 
genus  Chrysemys  ( sensu  lato ) were  compared  by  horizontal  starch  gel  electrophoresis 
of  plasma,  hemolysate,  and  muscle  homogenate.  Two  of  17  loci  studied,  LDH  and  P-gen, 
show  consistent  differences  between  groups  of  species  representing  the  monotypic  genus 
Chrysemys  and  the  polytypic  genus  Pseudemys,  and  further  suggest  subgeneric  differ- 
entiation of  Trachemys  within  Pseudemys.  This  arrangement  is  supported  by  canonical 
analysis  of  skull  and  shell  measurements,  and  by  published  data  on  osteological  char- 
acters, penial  morphology,  shield  variants,  and  endoparasitic  helminths. 


Introduction 

Generic  allocation  of  aquatic  emydine  turtles  of  the  Chrysemys- 
P s eude my s -Trachemys  complex  has  been  controversial.  From  the  time 
of  Gray’s  Catalogue  (1856)  and  Cope’s  influential  checklist  (1875)  two 
genera  were  recognized — the  monotypic  Chrysemys  Gray,  1844,  type- 
species  Testudo  picta  Schneider,  and  the  polytypic  Pseudemys  Gray, 
1856,  type-species  Testudo  concinna  LeConte.  Within  Pseudemys, 
species  of  the  scripta  series  have  sometimes  been  segregated  as  the 
genus  (or  subgenus)  Trachemys  Agassiz,  1857,  but  recognition  of 
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Chrysemys  and  Pseudemys  has  been  general  practice  during  most  of 
the  present  century. 

McDowell  (1964)  lumped  all  species  under  the  senior  name  Chry- 
semys, but  recognized  three  subgenera  corresponding  to  the  groups 
indicated  above.  McDowell’s  study  was  based  largely  on  skull  char- 
acters. This  arrangement  was  supported  by  Rose  and  Weaver  (1967), 
and  Weaver  and  Rose  (1967),  although  they  questioned  McDowell’s 
choice  of  characters  and  concept  of  subgenera.  Perhaps  because  all  of 
these  studies  relied  heavily  on  osteological  evidence,  to  the  exclusion 
of  other  characters,  the  conclusions  have  not  been  universally  ac- 
cepted (Moll  and  Legler,  1971;  Holman,  1977).  We  have  re-examined 
the  question  of  natural  groups  within  Chrysemys  (sensu  lato)  by  add- 
ing new  biochemical  data  and  reviewing  other  morphological  evidence. 

Materials  and  Methods 

Horizontal  starch  gel  electrophoresis  was  performed  on  plasma,  hemolysate,  and  mus- 
cle homogenate.  The  protein  systems  examined  were  as  follows:  muscle,  plasma,  and 
hemolysate  general  protein  (M-gen,  P-gen,  H-gen);  muscle  lactate  dehydrogenase 
(LDH);  muscle  malate  dehydrogenases  (MDH);  muscle  glutamate  oxaloacetate  trans- 
aminase (GOT);  hemolysate  esterase  (H-est);  plasma  esterase  (P-est);  hemolysate  pep- 
tidase (H-pep);  plasma  peptidase  (P-pep);  hemolysate  inhibition  with  esserine  (H-ess); 
and  plasma  leucine  aminopeptidase  (LAP).  Electrophoretic  techniques,  stains  and  buff- 
ers were  similar  to  those  used  by  Selander  et  al.  (1971),  Merkle  (1975),  and  Vogt  (1978). 

We  examined  electrophoretically  17  loci  on  each  of  458  turtles  of  the  following  species 
and  subspecies:  Chrysemys  picta  bellii  (75  from  Wisconsin,  Minnesota,  New  Mexico, 
Colorado);  C.  picta  dorsalis  (5  from  Alabama);  C.  picta  marginata  (25  from  Wisconsin); 
C.  p.  picta  (15  from  Maryland,  North  Carolina);  Pseudemys  s.  scripta  (15  from  North 
Carolina,  Florida);  P.  s.  scripta  x scripta  elegans  (25  from  Alabama);  P.  s.  elegans 
(200  from  Arkansas,  Mississippi,  Oklahoma,  Texas);  P.  concinna  and  floridana  (85  from 
Alabama,  Arkansas,  Georgia,  Mississippi,  Oklahoma,  Texas);  P.  alabamensis  (1  from 
Alabama);  P.  nelsoni  (12  from  Florida).  All  specimens  from  which  tissue  was  removed 
were  preserved  and  deposited  either  in  the  University  of  Wisconsin  Zoological  Museum, 
Madison,  or  Carnegie  Museum  of  Natural  History.  Tissue  samples  will  be  deposited  in 
the  Museum  of  Vertebrate  Zoology,  University  of  California,  Berkeley.  Skull  and  shell 
measurements  were  taken  on  15  adult  Chrysemys  picta  and  66  adult  Pseudemys  species 
(P.  alabamensis,  P.  nelsoni,  P.  rubriventris,  P.  concinna  and  floridana,  P.  s.  scripta, 
P.  scripta  elegans,  P.  ornata,  P.  stejnegeri,  and  P.  dorbignyi ).  Each  character  was 
measured  independently  three  times  and  the  mean  recorded.  Canonical  (multiple  dis- 
criminant) analysis  (Kowal  et  al.,  1976;  Seal,  1964;  Vogt,  1978)  was  used  to  compare 
relationships  between  species  using  these  osteological  data.  Shell  length  and  skull  width 
were  used  as  covariates  to  negate  the  effect  of  allometry.  For  outgroup  comparison  we 
used  samples  of  76  specimens  of  Graptemys  ( ouachitensis  and  pseudogeographica, 
including  megacephalic  individuals)  and  7 Malaclemys  terrapin. 

Results  and  Discussion 

Electrophoresis 

Of  the  17  loci  examined  two  showed  consistent  differences  between 
the  groups  of  species  recognized  by  Gray  (1856)  and  Cope  (1875)  as 
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Fig.  1— Lactate  dehydrogenase  isozymes  in  five  species  of  emydine  turtles:  C.  p.  = 
Chrysemys  picta',  G.  g.  = Graptemys  geographica  l P.  c.  = Pseudemys  concinna ; P.  n. 
= Pseudemys  nelsoni ; P.  s.  e.  = Pseudemys  scripta  elegans. 


distinct  genera.  The  other  loci  were  either  uniformly  invariable,  or 
varied  intraspecifically  (McCoy  and  Vogt,  in  preparation).  The  LDH 
system  was  found  to  be  consistent  within  each  group,  and  the  groups 
were  distinct  (Fig.  1).  The  diagram  of  LDH  band  patterns  (Fig.  2) 
shows  that  Chrysemys  picta  has  a broad  band  at  position  one  and  a 
narrow  band  at  position  two,  neither  of  which  is  found  in  the  Pseu- 


LDH 


Chrysemys 


Pseudemys 


Fig.  2. — Diagram  of  LDH  banding  patterns  in  Chrysemys  and  Pseudemys. 
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P-gen 


picta  scripto  alabamensis 

concinna 

nelsoni 

Fig.  3. — Diagram  of  P-gen  banding  patterns  in  Chrysemys  picta , Pseudemys  ( Trache - 
mys ) scripta,  and  Pseudemys  ( Pseudemys ) alabamensis , concinna,  and  nelsoni. 


demys  species.  All  species  share  a second  broad  band  at  position  three. 
The  species  of  the  Pseudemys  group  have  a broad  band  at  position 
four  that  is  not  found  in  Chrysemys  picta,  and  all  species  share  another 
broad  band  at  position  five. 

Merkle  (1975)  found  that  the  lactate  dehydrogenase  (LDH)  enzyme 
system  differentiates  emydine  turtle  genera  of  the  Clemmys  (s.  /.) 
group.  He  demonstrated  that  LDH  band  patterns  are  consistent  within 
a genus,  but  different  between  genera  ( Clemmys , Mauremys,  and  Sa- 
calia ).  Comparative  kinetic  studies  of  LDH-A4  using  coenzyme  ana- 


1980 


Vogt  and  McCoy — Emydine  Turtle  Systematics 


97 


Table  1. — Differentiating  characters  of  Pseudemys,  Trachemys,  and  Chrysemys,  ac- 
cording to  McDowell  (1964). 


Genera 

Ventral  surface 
dentary 

Upper  triturating 
surfaces 

Maxilla/ 

squamosal 

contact 

5th  toe 
phalanges 

Shell 

Pseudemys 

flattened 

cusp  on  middle  ridge 

+ 

4 

ridged 

Trachemys 

rounded 

no  cusp  on  ridge 

- 

3 

ridged 

Chrysemys 

rounded 

narrow,  no  cusp 

- 

2 

smooth 

logues  have  shown  that  although  subtle  changes  occur  during  evolu- 
tion, more  closely  related  species  are  likely  to  have  more  similar  LDHs 
(Kaplan  et  al.,  1960;  Wilson  et  al.,  1964).  In  another  study  Page  and 
Whitt  (1973)  showed  the  fish  genus  Percina  to  be  monophyletic  by 
demonstrating  the  common  distribution  of  an  electrophoretically  dis- 
tinct form  of  LDH-B4.  On  the  basis  of  these  studies,  we  believe  that 
the  observed  differences  in  LDH  between  Chrysemys  and  Pseudemys 
support  their  recognition  as  distinct  genera. 

The  second  locus  that  showed  consistent  intergroup  differences  was 
plasma  general  protein  (P-gen,  Fig.  3).  All  specimens  examined  shared 
two  narrow  bands  of  low  mobility  at  positions  one  and  two,  but  dif- 
fered in  the  pattern  of  high  mobility  bands.  Pseudemys  alabamensis , 
P.  concinna  and  floridana,  and  P.  nelsoni  have  identical  patterns  of 
broad  bands  at  positions  three  and  four.  Pseudemys  scripta,  however, 
has  neither  of  these  bands,  but  has  a broad  band  of  even  higher  mo- 
bility at  position  five.  Chrysemys  picta  lacks  bands  at  positions  three 
and  five  but  shares  a single  broad  band  at  position  four  with  the  ala- 
bamensis-concinna  and  floridana-nelsoni  type.  These  patterns  suggest 
that  not  only  is  Chrysemys  picta  distinct  from  the  other  species  tested, 
but  also  that  Trachemys  is  a recognizable  subgroup  of  Pseudemys. 

Skeletal  Morphology 

Galbreath  (1948)  found  that  Chrysemys  picta  differs  from  Pseude- 
mys scripta  in  12  shell  features  and  used  these  characters  to  assign 
fossil  species  to  genus.  McDowell  (1964)  utilized  a suite  of  characters, 
albeit  from  a very  small  sample  of  specimens,  to  define  the  subgenera 
Chrysemys , Pseudemys,  and  Trachemys  (Table  1).  Weaver  and  Rose 
(1967)  compared  20  skeletal  characters  of  21  C.  picta  and  223  Pseu- 
demys (including  Trachemys ),  among  them  85  P.  scripta,  42  P.  con- 
cinna-floridana,  31  P.  rubriventris -nelsoni,  and  67  fossil  specimens. 
They  concurred  with  McDowell’s  (1964)  synonymy  of  Pseudemys  with 
Chrysemys  and  purported  to  give  osteological  evidence  showing  that 
Chrysemys  picta  is  closer  to  P.  scripta  than  P.  scripta  is  to  the  P. 
concinna-floridana  group.  They  discussed  interspecific  differences  in 
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13  characters,  but  gave  the  character  state  in  C.  picta  for  only  seven. 
They  also  presented  1 1 figures  showing  relationships  between  different 
species  of  Pseudemys,  for  various  characters,  but  failed  to  show  the 
relationship  of  C.  picta  to  the  species  of  Pseudemys.  Furthermore, 
their  table  showing  presence  or  absence  of  particular  osteological  char- 
acters in  most  of  the  North  American  species  of  Pseudemys  and  C. 
picta  includes  many  subjective  characters  that  are  not  quantitatively 
defined.  Among  these  are  “long  gular  scute  overlap,”  “wide  femoral 
scute  overlap,”  “strong  peripheral  bone  notching,”  and  “narrow  nasal 
opening.”  Jackson  (1978;  personal  communication)  has  criticized  this 
work  of  Weaver  and  Rose  on  much  the  same  basis,  and  suggests  that 
their  conclusions  were  based  largely  on  “convergent,  apomorphic 
trophic  structures  which  should  be  given  little  taxonomic  weight.” 

The  analysis  of  characters  in  Weaver  and  Rose  (1967)  is  flawed  in 
other  ways.  In  the  discussion  of  phalangeal  elements  of  the  fifth  toe 
(used  by  McDowell  to  diagnose  the  three  subgenera,  see  Table  1)  they 
state  that  P.  script  a has  two  or  three,  whereas  in  the  table  they  show 
only  two.  In  a later  discussion  this  character  is  cited  as  a point  of 
similarity  between  P.  scripta  and  C.  picta,  which  has  two  elements. 
Weaver  and  Rose  fail  to  refute  McDowell’s  observation  of  four  ele- 
ments in  Pseudemys. 

Weaver  and  Rose  (1967:69)  state  “the  close  relationship  between  C. 
picta  and  C.  scripta  is  the  best  argument  for  considering  Pseudemys 
synonymous  with  Chrysemys .”  This  conclusion  is  apparently  based 
on  results  of  an  earlier  contribution  (Rose  and  Weaver,  1966)  in  which 
they  dismiss  Galbreath’s  (1948)  characters  for  separating  P.  scripta 
and  C.  picta  by  extending  the  comparison  of  these  character  states  in 
C.  picta  to  the  other  species  of  Pseudemys.  This  approach  does  not 
invalidate  Galbreath’s  observations.  Weaver  and  Rose  concede  that 
C.  picta  differs  from  Pseudemys  by  lacking  a dorsal  carapace  ridge 
and  having  notched  posterior  peripheral  bones,  and  (Rose  and  Weaver, 
1966)  a smooth  nuchal  bone. 

To  introduce  greater  objectivity  to  the  problem  of  skeletal  mor- 
phology, we  performed  canonical  (multiple  discriminant)  analysis  on 
15  skull  and  five  shell  measurements.  The  skull  measurements  were: 
maximum  width;  maximum  length;  maxillary  width;  maxillary  length; 
width  between  postpalatal  foramina;  intersquamosal  width;  length  of 
pterygoid  suture;  length  of  pterygoid  suture  plus  basisphenoid;  length 
of  supraoccipital  spine  extension;  pterygoid-maxillary  suture  width; 
frontal  length;  prefrontal  width;  orbital  length;  postorbital  width;  den- 
tary width.  The  shell  measurements  were:  maximum  carapace  length, 
width  and  height;  plastron  width  (between  points  where  the  axillary- 
pectoral  sutures  meet  the  5th  and  6th  marginals);  maximum  plastral 
length. 
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THIRD  CANONICAL  VARIATE 
-4.  -3.  -2.  -I  . 0.  I . 2.  3.  4. 


Fig.  4. — Plot  of  first  against  third  canonical  variate  for  15  skull  and  five  shell  measure- 
ments in  Chrysemys  and  Pseudemys.  Symbols  are  as  follows:  circular  = Chrysemys', 
triangular  = Pseudemys ; hollow  square  = Malaclemys',  solid  square  = Graptemys. 


Fig.  4 plots  the  first  versus  third  canonical  variate  for  all  characters. 
Although  there  is  some  overlap,  individuals  fall  generally  into  discrete 
groups.  The  ratio  of  maximum  skull  length  to  pterygoid  width,  and 
postorbital  width  to  prefrontal  width  were  primarily  responsible  for 
separation  of  the  Chrysemys  and  Pseudemys  groups.  Dobie  and  Jack- 
son  (1979)  obtained  similar  results  in  plotting  maximum  width  of  nuchal 
bone  against  the  anterior  width  of  the  first  vertebral  scute  for  a sample 
of  Chrysemys  and  Pseudemys. 
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Table  2. — Pairwise  Mahalbanobis’  distances  between  genera. 


Graptemys 

Malaclemys 

Chrysemys 

Malaclemys 

7.2 

Chrysemys 

7.1 

7.3 

Pseudemys 

5.9 

6.9 

3.1 

To  further  quantify  these  distinctions,  we  calculated  pairwise  Ma- 
halbanobis’ distances  between  the  populations  ( Chrysemys  and  Pseu- 
demys ),  and  for  outgroup  comparison,  populations  of  Graptemys  and 
Malaclemys  (Table  2).  The  Mahalbanobis’  distance  of  3.1  suggests 
that  the  populations  of  Chrysemys  and  Pseudemys  measured  overlap 
somewhere  near  1.5  standard  deviations  away  from  the  respective 
means  of  the  populations. 


Other  Evidence 

Zangerl  (1969)  conducted  an  extensive  survey  of  shield  patterns,  and 
classified  recurring  variant  morphs  in  4,050  specimens  of  152  species 
and  subspecies  of  turtles.  He  found  four  classes  of  repetitive  shield 
variant  morphs  in  Pseudemys  that  did  not  occur  in  Chrysemys  picta, 
and  three  classes  in  Chrysemys  picta  that  were  not  found  in  any  Pseu- 
demys. 

Zug  (1966)  reviewed  the  penial  morphology  of  a large  number  of 
species  of  cryptodiran  turtles.  He  noted  that  scripta,  nelsoni,  flori- 
dana,  and  concinna  form  a homogeneous  group  from  which  picta 
differs  “only  slightly”  in  having  the  lateral  fold  of  the  plica  media 
proportionately  thicker,  and  the  sulcus  separating  the  plica  media  folds 
less  well  defined. 

Ernst  and  Ernst  (1980)  have  shown  that  similarity  indexes  of  the 
helminth  endoparasites  of  Chrysemys,  Pseudemys,  and  Graptemys 
confirm  their  status  as  distinct  genera. 

Conclusions 

The  osteological  evidence  presented  by  McDowell  (1964)  indicates 
that  the  three  subgenera  of  Chrysemys  (s.  /.)  are  distinct  evolutionary 
lineages.  Canonical  analysis  of  skull  and  shell  measurements  augments 
and  quantifies  McDowell’s  observations,  and  supports  his  conclusions. 
Electrophoretic  analysis  of  the  LDH  enzyme  system  confirms  that  the 
groups  traditionally  regarded  as  the  genera  Chrysemys  and  Pseudemys 
are  distinct.  Evidence  from  the  P-gen  system  supports  this  distinction, 
and  further  suggests  that  P.  scripta  and  allies  may  be  recognizable  at 
the  subgeneric  level  ( Trachemys  Agassiz).  The  recognition  of  Chry- 
semys and  Pseudemys  as  distinct  lineages  is  also  supported  by  obser- 
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vations  on  shield  variant  patterns  (Zangerl,  1969),  penial  morphology 
(Zug,  1966),  and  endoparasitic  helminths  (Ernst  and  Ernst,  1980). 

As  a historical  footnote  to  the  Chrysemys-Pseudemys  question  we 
quote  Agassiz  (1857).  From  the  perspective  of  a pre-Darwinian  natural 
historian,  he  wrote:  “Any  zoologist,  who,  after  a thorough  comparison 
of  the  external  characters  and  of  the  skeletons  of  the  three  first-named 
species  ( Emys  rugosa,  mobiliensis,  and  concinna ),  taking  especially 
into  account  their  skulls,  their  jaws  and  their  feet,  and  contrasting 
them  with  those  of  Emys  picta  and  oregonensis,  or  of  Emys  insculpta, 
or  any  other  of  the  groups  of  species  just  named, — any  zoologist,  I 
say,  who,  having  made  such  a comparison,  would  deny  their  generic 
difference,  must  be  either  blinded  by  prejudice  against  truth  or  incap- 
able by  nature  of  applying  himself  to  higher  questions  in  Natural  His- 
tory.” 


Acknowledgments 

For  assistance  in  field  or  laboratory  we  thank  A.  V.  Bianculli,  Gustavo  Casas-Andreu, 
M.  Christianson,  J.  Jacobs,  L.  Mattick,  J.  K.  McCoy,  and  M.  Pappas.  D.  Jackson 
provided  some  live  specimens  of  P.  nelsoni,  and  R.  B.  Bury  donated  C.  picta  from  New 
Mexico.  Robert  Kowal  assisted  with  canonical  analysis  of  the  osteological  data.  Sheldon 
Guttman  advised  us  on  electrophoretic  techniques  and  interpretation.  Funds  and  labo- 
ratory facilities  for  electrophoresis  were  provided  by  the  University  of  Wisconsin-Mad- 
ison  through  W.  G.  Reeder.  Field  work  and  part  of  the  electrophoresis  were  sponsored 
by  the  M.  Graham  Netting  Research  Fund,  Carnegie  Museum  of  Natural  History.  For 
loans  of  specimens  we  thank  Harold  A.  Dundee,  Tulane  University,  E.  Elizabeth  Pil- 
laert,  University  of  Wisconsin  Zoological  Museum,  Ernest  E.  Williams,  Museum  of 
Comparative  Zoology,  George  R.  Zug  and  Ronald  I.  Crombie,  National  Museum  of 
Natural  History,  and  Richard  G.  Zweifel,  American  Museum  of  Natural  History.  We 
gratefully  acknowledge  review  of  the  manuscript  by  C.  H.  Ernst  and  D.  Jackson. 

Literature  Cited 

Agassiz,  L.  1857.  Contributions  to  the  natural  history  of  the  United  States  of  America, 
first  monograph.  Vol.  1,  part  2:  North  American  Testudinata.  Little,  Brown  and 
Co.,  Boston,  pp.  233-452. 

Cope,  E.  D.  1875.  Check-list  of  North  American  Batrachia  and  Reptilia;  with  a sys- 
tematic list  of  the  higher  groups,  and  an  essay  on  geographical  distribution.  Bull. 
U.S.  Nat.  Mus.,  1:1-104. 

Dobie,  J.  L.,  and  D.  R.  Jackson.  1979.  First  fossil  record  for  the  diamondback  ter- 
rapin, Malaclemys  terrapin  (Emydidae),  and  comments  on  the  fossil  record  of  Chry- 
semys  nelsoni  (Emydidae).  Herpetologica  35:139-145. 

Ernst,  C.  H.,  and  E.  M.  Ernst.  1980.  Relationships  between  North  American  turtles 
of  the  Chrysemys  complex  as  indicated  by  their  endoparasitic  helminths.  Proc.  Biol. 
Soc.  Washington,  in  press. 

Galbreath,  E.  C.  1948.  A new  extinct  emydid  turtle  from  the  Lower  Pliocene  of 
Oklahoma.  Univ.  Kansas  Publ.,  Mus.  Nat.  Hist.,  1:265-280. 

Gray,  J.  E.  1856.  Catalogue  of  the  shield  reptiles  in  the  collection  of  the  British  Mu- 
seum. Part  1.  Testudinata  (Tortoises).  London,  79  pp. 

Holman,  J.  A.  1977.  Comments  on  turtles  of  the  genus  Chrysemys  Gray.  Herpeto- 
logica, 33:274-276. 


102 


Annals  of  Carnegie  Museum 


vol.  49 


Jackson,  D.  R.  1978.  Chrysemys  nelsoni.  Catalogue  Amer.  Amphib.  Rept.,  210.1- 

210.2. 

Kaplan,  N.  O.,  M.  M.  Ciotti,  M.  Hamolsky,  and  R.  E.  Bieber.  1960.  Molecular 
heterogeneity  and  evolution  of  enzymes.  Science,  131:392-397. 

Kowal,  R.  R.,  M.  J.  Lechowicz,  and  M.  S.  Adams.  1976.  The  use  of  canonical 
analysis  to  compare  response  curves  in  physiological  ecology.  Flora,  165:29-46. 

McDowell,  S.  B.  1964.  Partition  of  the  genus  Clemmys  and  related  problems  in  the 
taxonomy  of  the  aquatic  Testudinidae.  Proc.  Zool.  Soc.  London,  143:239-279. 

Merkle,  D.  A.  1975.  A taxonomic  analysis  of  the  Clemmys  complex  (Reptilia:  Tes- 
tudinidae) utilizing  starch  gel  electrophoresis.  Herpetologica,  31:162-166. 

Moll,  E.  O.,  and  J.  M.  Legler.  1971.  The  life  history  of  a Neotropical  slider  turtle, 
Pseudemys  scripta  (Schoepff),  in  Panama.  Bull.  Los  Angeles  County  Mus.  Nat. 
Hist.,  11:1-102. 

Page,  L.  M.,  and  G.  S.  Whitt.  1973.  Lactate  dehydrogenase  isozymes  of  darters  and 
the  inclusiveness  of  the  genus  Percina.  Illinois  Nat.  Hist.  Surv.,  Biol.  Notes, 
82:1-7. 

Rose,  F.  L.,  and  W.  G.  Weaver.  1966.  Two  new  species  of  Chrysemys  ( =Pseudemys ) 
from  the  Florida  Pliocene.  Tulane  Stud.  Geol.,  5:41-48. 

Seal,  H.  L.  1964.  Multivariate  statistical  analysis  for  biologists.  Methuen,  London. 

Selander,  R.  K.,  M.  H.  Smith,  S.  Y.  Yang,  W.  E.  Johnson,  and  J.  B.  Gentry. 
1971.  Biochemical  polymorphism  and  systematics  in  the  genus  Peromyscus.  I. 
Variation  in  the  old-field  mouse  ( Peromyscus  polionotus ).  Univ.  Texas  Publ.,  Stud- 
ies in  Genetics,  6:49-90. 

Vogt,  R.  C.  1978.  Systematics  and  ecology  of  the  false  map  turtle  complex  Graptemys 
pseudogeographica.  Unpublished  Ph.D.  dissert..  University  of  Wisconsin,  Madi- 
son, xxiii  + 375  pp. 

Weaver,  W.  G.,  and  J.  S.  Robertson.  1967.  A re-evaluation  of  fossil  turtles  of  the 
Chrysemys  scripta  group.  Tulane  Stud.  Geol.,  5:53-66. 

Weaver,  W.  G.,  and  F.  L.  Rose.  1967.  Systematics,  fossil  history,  and  evolution  of 
the  genus  Chrysemys.  Tulane  Stud.  Zool.,  14:63-73. 

Wilson,  A.  C.,  N.  O.  Kaplan,  L.  Levine,  A.  Pesce,  M.  Reichlin,  and  W.  S. 
Allison.  1964.  Evolution  of  lactic  dehydrogenases.  Fed.  Proc.,  23:1258-1266. 

Zangerl,  R.  1969.  The  turtle  shell.  Pp.  311-339,  in  Biology  of  the  Reptilia  (C.  Gans, 
ed.),  Volume  1,  morphology  A,  Academic  Press,  London. 

Zug,  G.  R.  1966.  The  penial  morphology  and  the  relationships  of  cryptodiran  turtles. 
Occas.  Paper  Mus.  Zool.,  Univ.  Michigan,  647:1-24. 


boyno 

ptf  ^ 

(ISSN  0097-4463) 

ANNALS 

o/CAKNEClE  MUSEUM 

CARNEGIE  MUSEUM  OF  NATURAL  HISTORY 

4400  FORBES  AVENUE  • PITTSBURGH,  PENNSYLVANIA  15213 
VOLUME  49  7 JULY  1980  ARTICLE  6 

TWO  NEW  SPECIES  OF  ELEUTHERODACTYLUS 
(AMPHIBIA,  ANURA,  LEPTODACTYLIDAE) 

FROM  HISPANIOLA 

Albert  Schwartz1 

Research  Associate,  Section  of  Amphibians  and  Reptiles 

Abstract 

Two  new  species  of  the  Antillean  ricordi  group  of  frogs  of  the  genus  Eleutherodactylus 
are  described  from  northwestern  Haiti. 

Introduction 

The  herpetofauna  of  extreme  northwestern  Hispaniola,  especially 
that  portion  comprising  the  Haitian  Presqu’ile  du  Nord  Ouest,  is  ex- 
ceptionally poorly  known.  Other  than  W.  L.  Abbott  in  1917,  W.  J. 
Eyerdam  in  1927,  W.  G.  Hassler  in  1935,  and  J.  D.  Lazell  and  A.  S. 
Rand  in  1960,  I know  of  no  others  who  have  made  herpetological 
collections  to  the  west  of  a line  between  the  cities  of  Gonaives  in  the 
south  and  Port-de-Paix  in  the  north.  That  the  area  is  one  with  a varied 
fauna  was  demonstrated  by  Lazell  (1961);  he  named  Sphaerodactylus 
shrevei  and  noted  the  occurrence  there  of  three  other  genera  of  rep- 
tiles. Previous  collectors  likewise  had  been  successful  in  collecting 
interesting  and  significant  material  from  this  general  region,  and  sev- 
eral new  subspecies  have  been  described  therefrom.  That  area  is  one 
with  a varied  fauna  was  demonstrated  by  Lazell  (1961);  he  named 
Sphaerodactylus  shrevei  and  noted  the  occurrence  there  of  three  other 
genera  of  reptiles.  Previous  collectors  likewise  had  been  successful  in 
collecting  interesting  and  significant  material  from  this  general  region, 

1 Miami-Dade  Community  College,  North  Campus,  Miami,  Florida  33167. 
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and  several  new  subspecies  have  been  described  therefrom.  The  area 
is  one  of  great  interest  and  potential.  But  the  major  problem  has  been— 
and  continues  to  be — one  of  transportation.  Other  than  the  main  but 
unpaved  road  between  the  vicinity  of  Gonaives  and  Port-de-Paix  on 
the  northern  coast,  and  a disreputable  road  from  Port-de-Paix  to  Mole 
St.  Nicholas  on  the  extreme  western  tip  of  the  peninsula,  a distance  of 
73  km,  all  other  roads  in  this  region  are  exceptionally  bad  and  subject 
to  the  vagaries  of  weather;  when  there  is  heavy  rain,  the  roads  are 
impassable,  even  in  a 4- wheel  drive  vehicle. 

During  June  and  July  1978,  Eugene  D.  Graham,  Jr.,  William  W. 
Sommer,  and  I learned  that  a new  route  has  been  established  to  Mole 
St.  Nicholas;  the  new  road  (actually  a refurbished  version  of  an  old 
but  virtually  impassable  road)  departs  from  an  intersection  called  fa 
Soleil  just  to  the  east  of  Gonaives  and  travels  thence  to  the  town  of 
Anse  Rouge,  then  turns  north  to  Jean  Rabel  and  then  west  once  more 
to  Mole  St.  Nicholas.  In  1978  we  traveled  as  far  as  the  town  of  Coridon 
on  the  southern  shore  of  the  peninsula;  the  road  was  passable  and 
extremely  productive  as  far  as  herpetological  materials  were  con- 
cerned. Among  other  animals,  a new  species  of  Eleutherodactylus 
(Schwartz,  1979a),  a new  species  of  Leiocephalus  (Schwartz,  1979/?), 
and  two  new  species  of  Sphaerodactylus  (Schwartz  and  Graham,  1980; 
Graham,  MS)  were  secured.  It  seemed  likely,  however,  that  we  were, 
on  this  southern  coast,  merely  at  the  edge  of  what  may  be  a Presqu’ile 
du  Nord  Ouest  herpetofauna. 

Also  in  1978,  Graham  and  I made  several  trips  to  Port-de-Paix.  Most 
of  the  road  from  Carrefour  Joffre  (the  intersection  of  the  Gonai'ves- 
Cap-Hai'tien  main  road  and  the  road  to  Port-de-Paix)  passes  through 
xeric  regions,  but  at  its  northern  extremity,  near  Port-de-Paix,  the 
region  is  mesic  with  cafeieres  and  banana  groves,  virtually  at  sea  level. 
Among  other  specimens  collected  in  this  latter  region  were  three  ju- 
venal  specimens  of  Eleutherodactylus,  which  I left  unassigned  specif- 
ically until  more  material  should  become  available. 

During  June  through  August  1979,  one  of  our  objectives  was  to  at- 
tempt to  sample  this  northwestern  region  more  thoroughly.  Through 
the  courtesy  of  Father  John  Breslin  who  resides  at  Mole  St.  Nicholas, 
John  C.  Lucio  and  William  W.  Sommer  were  able  to  spend  six  days 
there.  Their  collection  includes  two  specimens  of  Eleutherodactylus , 
the  first  reported  from  this  far  northwestern  area.  One  is  E.  inoptatus 
Barbour,  not  unexpected,  and  the  other  is  described  in  the  present 
paper.  Additionally,  in  July,  David  C.  Leber,  S.  Craig  Rhodes,  Lucio, 
and  I spent  three  days  at  Port-de-Paix  and  were  successful  in  securing 
three  adult  specimens  of  the  frog  of  which  we  had  three  juveniles  from 
the  previous  summer.  This  suite  of  six  specimens  likewise  represents 
a second  new  species  from  this  region.  Despite  these  sallies  into  the 


1980 


Schwartz— -New  Eleutherodactylus  Species 


105 


northwest,  I feel  strongly  that  there  is  still  very  much  to  learn  about 
this  remote  region’s  herpetofauna.  But  the  road  situation  continues  to 
be  very  bad,  and  it  may  be  even  worse  since  the  passage  of  Hurricane 
David  in  September  1979.  This  hurricane  passed  over  the  northwestern 
portion  of  Haiti  and  crossed  the  Windward  Passage  to  Cuba. 


Systematic  Accounts 

The  first  of  the  new  species  I take  great  pleasure  in  naming  after 
John  C.  Lucio,  as 

Eleutherodactylus  lucioi,  new  species 

Holotype.—  Carnegie  Museum  of  Natural  History  (CM)  60537,  an 
adult  male,  from  Riviere  Cotes  de  Per,  11.2  km  NE  Mole  St.  Nicholas, 
Departement  du  Nord  Quest,  Haiti,  taken  8 July  1979  by  William  W. 
Sommer.  Original  number  Albert  Schwartz  Field  Series  (ASFS) 
V49833. 

Definition.— ~ A moderately  sized  (24  mm  snout-vent  length)  species 
of  Eleutherodactylus  of  the  ricordi  group,  characterized  by  golden 
brown  dorsal  color  and  pink  hindlimbs,  virtually  without  dorsal  pattern 
except  for  a vague  dark  gray  interocular  bar,  a broken  gray  scapular 
chevron,  a black  to  dark  gray  canthal  line  that  does  not  extend  above 
the  tympanum,  concealed  surfaces  of  hindlimbs  flecked  with  pale  gray, 
without  supra- axillary  on  inguinal  glandular  areas,  and  digital  discs 
very  small. 

Distribution.— -Known  only  from  the  type-locality. 

Description  of  holotype.— A presumably  adult  male  with  a snout-vent  length  (all  mea- 
surements in  millimeters)  of  23.6,  head  length  8.7,  head  width  8.5,  longitudinal  diameter 
of  tympanum  1.7,  longitudinal  diameter  of  eye  3.2,  distance  from  naris  to  anterior  corner 
of  eye  2.6,  femur  9.8,  tibia  11.8,  fourth  toe  10.0,  tibia/snout-vent  length  (xl00)  50.0. 
Head  width  slightly  narrower  than  distance  from  snout  to  posterior  border  of  tympanum; 
snout  more  or  less  acuminate  but  with  nares  conspicuous  at  anterior  ends  of  canthus 
rostralis;  diameter  of  eye  greater  than  distance  from  naris  to  anterior  corner  of  eye; 
interorbital  distance  3.2,  equal  to  diameter  of  eye;  diameter  of  tympanum  much  less 
than  diameter  of  eye,  distance  from  tympanum  to  eye  equal  to  about  one-third  diameter 
of  tympanum.  Fingers  moderate,  unwebbed,  3-4-2- 1 in  order  of  decreasing  length;  sub- 
articular  tubercles  white,  almost  concolor  with  palmar  surface,  prominent;  disc  of  finger 
3 equal  to  about  one-quarter  size  of  tympanum.  Toes  moderate,  unwebbed,  4-3-2-5-1  in 
order  of  decreasing  length;  subarticular  tubercles  white  in  contrast  to  grayish  plantar 
surface;  disc  of  toe  4 small,  equal  to  about  one-sixth  size  of  tympanum.  Heels  overlap 
slightly  when  femora  are  held  at  right  angles  to  body  axis.  Dorsum  smooth  to  very 
weakly  tuberculate;  throat  and  venter  smooth,  the  latter  becoming  granular  posteriorly, 
belly  disc  poorly  developed.  Dorsal  surface  of  all  limbs  smooth;  posterior  face  of  thighs 
with  low,  small,  pavement-like  granules.  Inguinal  and  supra-axillary  glandular  areas 
absent.  Tongue  small,  not  nicked,  free  behind,  its  greatest  width  equal  to  about  one- 
quarter  the  floor  of  the  mouth.  Pre  vomerine  teeth  in  two  long  arched  series  (extending 
from  outside  the  external  margin  of  the  choanae  and  lying  immediately  adjacent  to  their 
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posterior  margins)  that  are  separated  medially  by  a distance  equal  to  less  than  the 
diameter  of  a choana. 

Coloration  of  holotype  (in  life).- — Dorsum  golden  brown  and  virtually  patternless  ex- 
cept for:  a vague  medium  gray  irregular  interocular  bar  followed  by  two  grayish  para- 
median blotches,  a broken  medium  gray  scapular  “chevron”  composed  of  two  irregular 
and  disjunct  blotches;  a black  to  dark  gray  canthal  line  that  disappears  or  is  only  very 
vaguely  indicated  posterior  to  the  eye  as  a supratympanic  grayish  area;  hindlimbs  very 
pale  pink,  the  concealed  surfaces  vaguely  marbled  with  medium  gray;  venter  white.  The 
collector  noted  that  the  specimen  appeared  translucent  in  the  illumination  of  a flashlight; 
this  is  easily  understood  when  one  takes  into  consideration  the  extreme  reduction  of 
dark  pigmentation  of  any  sort.  The  general  appearance  of  E.  lucioi  is  a very  pallid  frog 
with  hardly  any  dark  markings  (Fig.  1).  Preserved,  the  dorsum  shows  some  darkening 
dorsally,  this  dark  stippling  due  to  the  chromatophores  that  contributed  to  the  golden 
brown  dorsal  color. 

Comparisons.—  No  other  Hispaniolan  Eleutherodactylus  shows  the 
combination  of  characters  that  are  typical  of  E.  lucioi.  The  pale  dorsal 
coloration  and  the  pink  hindlimbs  at  once  set  it  off  from  all  other 
species.  Its  nearest  relative,  geographically,  is  E.  grahami  (Schwartz, 
1979a),  from  the  south  side  of  the  Presqu’ile  du  Nord  Ouest;  a distance 
of  some  75  km  airline  separates  the  type-localities  of  the  two  species. 
Within  this  distance  lies  the  Massif  du  Nord  Ouest,  a mountain  range 
that  rises  to  an  elevation  of  902  m.  Eleutherodactylus  grahami  and  E. 
lucioi  are  similar  in  some  ways,  but  the  dorsal  ground  color  of  the 
former  is  yellowish  tan  in  contrast  to  golden  brown  in  E.  lucioi.  In 
addition,  the  dorsal  and  lateral  dark  markings  are  much  more  pro- 
nounced in  E.  grahami  than  in  E.  lucioi,  and  the  former  lacks  the  pink 
hindlimbs  of  the  latter.  The  holotypes  (and  only  known  specimens)  of 
the  two  species  are  both  males,  with  that  of  E.  grahami  slightly  larger 
(25.0)  than  that  of  E.  lucioi.  The  head  of  E.  grahami  is  distinctly 
broader  than  long  and  the  snout  is  truncate,  whereas  that  of  E.  lucioi 
is  longer  than  broad  and  the  snout  is  acuminate.  The  heels  of  E.  gra- 
hami are  widely  separated  when  the  femora  are  held  at  right  angles  to 
the  body  axis,  whereas  the  heels  overlap  in  this  position  in  E.  lucioi. 
The  prevomerine  teeth  in  E.  grahami  extend  from  just  inside  the  ex- 
ternal margin  of  the  choanae  and  are  separated  from  the  choanae, 
whereas  these  teeth  in  E.  lucioi  extend  beyond  the  external  margin  of 
the  choanae  and  are  appressed  against  their  posterior  margins.  The 
tibia/snout-vent  length  ratio  is  44.0  in  E.  grahami  and  50.0  in  E.  lucioi’, 
long  series  may  show  overlap  in  this  ratio.  Although  both  species  are 
pale,  E.  grahami  is  more  heavily  and  distinctly  patterned  dorsally  than 
is  E.  lucioi.  I have  little  doubt  that  E.  grahami  and  E.  lucioi  are  closely 
related;  they  likely  represent  a local  radiation  of  the  ricordi  group  on 
the  Presqu’ile  du  Nord  Ouest. 

Remarks.— The  holotype  of  E.  lucioi  was  taken  on  a rock  approxi- 
mately 0.7  m above  the  stream  and  projecting  from  the  bank.  The 
Riviere  Cotes  de  Fer  in  this  area  is  shallow  and  rock-strewn  and  varies 
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Fig.  Eleutherodactylus  lucioi  (CM  60537,  holotype),  dorsal  view;  snout-vent  length 
23.6  mm. 


from  1 to  2 m in  width.  The  single  E.  inop  talus  was  taken  at  the  same 
locality;  no  other  frogs  were  seen. 

Although  the  absence  of  webbing  in  E.  lucioi  suggests  that  it  is  not 
associated  with  water  (that  is,  it  is  not  aquatic),  the  taking  of  the 
holotype  in  a mesic  stream  ravine  indicates  the  harsh  arid  ecology  of 
the  Mole  St.  Nicholas  area.  Outside  the  ravine,  the  area  is  xeric  with 
creviced  and  pocked  boulders.  One  should  also  note  that  the  holotype 
of  E.  grahami  was  also  taken  from  a very  specialized  situation  (adja- 
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cent  to  a cave  in  otherwise  xeric  environs).  These  frogs  may  well  be 
locally  common  under  the  right  circumstances  of  diurnal  cover  and 
moisture,  but  they  may  be  absent  from  large  regions  in  the  northwest 
where  their  requirements  simply  are  not  met. 

The  second  species  from  near  Port-de-Paix  I take  pleasure  in  nam- 
ing, for  S.  Craig  Rhodes,  as 

Eleutherodactylus  rhodesi , new  species 

Holotype. — CM  60538,  an  adult  female,  from  Ballade,  8.8  km  S Port- 
de-Paix,  30  m,  Departement  du  Nord  Ouest,  Haiti,  taken  18  July  1979 
by  native  collectors.  Original  number  ASFS  V50029. 

Paratypes. — ASFS  V50030-31,  same  data  as  holotype;  ASFS 
V46935-37.  8.0  km  SE  Port-de-Paix,  Dept,  du  Nord  Ouest,  Haiti,  E. 
D.  Graham,  Jr.,  and  native  collectors,  19  July  1978. 

Definition. — A moderately  sized  (30  mm)  species  of  Eleutherodacty- 
lus of  the  ricordi  group,  characterized  by  olive  dorsum,  much  overlaid 
by  dark  gray  to  black  pigment  in  the  form  of  a large,  prominent,  broad 
scapular  chevron,  often  attached  to  an  interorbital  dark  triangle  with 
its  apex  pointed  posteriorly,  a pair  of  clear  olive  dorsolateral  lines,  the 
remainder  of  the  dorsum  mottled  or  blotched  with  gray  to  black,  in- 
cluding the  snout  anterior  to  the  interocular  bar  or  triangle;  hindlimbs 
including  concealed  surfaces  stippled  with  black,  forming  a loose  series 
of  transverse  crossbands  on  the  thighs  and  crura,  without  supra-axil- 
lary  or  inguinal  glandular  areas,  and  digital  discs  absent. 

Distribution. — Known  only  from  the  vicinity  of  the  type-locality. 

Description  of  holotype. — An  adult  female,  oviducts  enlarged  and  convoluted,  with 
a snout-vent  length  of  29.8,  head  length  10.8,  head  width  11.0,  longitudinal  diameter  of 
tympanum  2.7,  longitudinal  diameter  of  eye  3.5,  distance  from  naris  to  anterior  corner 
of  eye  3.3,  femur  12.6,  tibia  13.4,  fourth  toe  11.0;  tibia/snout-vent  length  (xlOO)  45.0. 
Head  width  slightly  greater  than  distance  from  snout  to  posterior  border  of  tympanum; 
snout  truncate  with  nares  conspicuous  at  anterior  ends  of  canthus  rostralis;  diameter  of 
eye  longer  than  distance  from  naris  to  anterior  corner  of  eye;  interorbital  distance  3.7, 
slightly  greater  than  diameter  of  eye;  diameter  of  tympanum  less  than  diameter  of  eye, 
distance  from  tympanum  to  eye  equal  to  about  one-third  diameter  of  tympanum.  Fingers 
(right  hand  injured)  moderate,  un webbed,  3-4-2- 1 in  order  of  decreasing  length;  subar- 
ticular  tubercles  concolor  with  palmar  surface,  not  prominent,  gray,  but  well  developed; 
terminal  dilation  of  finger  3 about  one-eighth  size  of  tympanum,  not  well  developed. 
Toes  moderate,  unwebbed,  4-3-5-2-1  in  order  of  decreasing  length;  subarticular  tubercles 
concolor  with  plantar  surface,  dark  gray,  inconspicuous  but  well  developed;  terminal 
dilation  of  toe  4 equal  to  about  one-eighth  size  of  tympanum.  Heels  widely  separated 
when  femora  are  held  at  right  angles  to  body  axis.  Dorsum  smooth;  throat  and  venter 
smooth,  belly  disc  not  well  developed.  Dorsal  surfaces  of  all  limbs  smooth  to  very 
slightly  tuberculate;  posterior  faces  of  thighs  with  low,  small,  pavement-like  granules. 
Inguinal  and  supra-axillary  glandular  areas  absent.  Tongue  large,  only  slightly  nicked, 
free  behind,  its  greatest  width  equal  to  about  three-quarters  floor  of  mouth.  Pre vomerine 
teeth  in  two  long  arched  series,  almost  touching  medially,  their  lateral  ends  extending 
lateral  to  the  choanae  and  appressed  against  them. 
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Fig.  2. — Eleutherodactylus  rhodesi  (CM  60538,  holotype),  dorsal  view;  snout-vent  length 
29.8  mm. 


Coloration  of  holotype  (in  life). — Dorsum  olive  but  greatly  overlaid  by  dark  gray  to 
black  markings,  leaving  only  a pair  of  dorsolateral  stripes  clear  olive;  a large  dark 
scapular  chevron  or  blotch,  extending  laterally  beyond  (ventrad  to)  the  dorsolateral 
stripes  to  behind  the  tympanum;  an  interocular  dark  triangle,  its  apex  pointed  poste- 
riorly, attached  to  a diffuse  dark  area  that  in  turn  attaches  to  the  scapular  figure.  Snout 
dusky  olive  without  distinct  dark  markings;  remainder  of  dorsum  and  sides  overlaid  with 
dark  gray  to  blackish  marblings,  these  darkest  and  most  confluent  lateral  to  the  dorso- 
lateral lines;  lores  dark  gray;  a dark  supratympanic  line  with  a dark  extension  to  the 
center  of  the  tympanum  (Fig.  2);  ventral  ground  color  flesh  colored,  the  throat  evenly 
and  discretely  stippled  with  fine  black  dots,  these  dots  also  occurring  on  the  sides  of  the 
belly;  both  fore-  and  hindlimbs  banded  dorsally,  the  bands  most  obvious  on  the  ante- 
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brachium,  those  on  the  thighs  and  crura  indicated  but  disrupted,  the  upper  surface  of 
the  pes  likewise  crossbanded,  the  plantar  surfaces  very  dark  gray;  concealed  surfaces 
pale  gray  with  black  bars;  iris  bronzy  above  and  brownish  red  below. 

Variation. — The  series  of  E.  rhodesi  consists,  in  addition  to  the  holotype,  of  three 
juveniles  with  snout-vent  lengths  from  11.9  to  19.9,  a male  with  a snout-vent  length  of 
26.1,  and  a female  with  a snout-vent  length  of  23.0.  The  testes  of  the  male  suggest  that 
it  is  an  adult;  the  ovaries  of  the  female  are  not  enlarged  nor  are  the  oviducts  convoluted 
and  enlarged,  suggesting  that  it  is  a non-breeding  or  subadult  individual.  Measurements 
of  the  male  are:  head  length  9.7,  head  width  9.7,  tympanum  2.2,  eye  3.9,  naris  to  eye 
3.2,  femur  11.8,  tibia  13.2,  fourth  toe  11.3.  Measurements  on  the  second  female  are: 
head  length  9.2,  head  width  9.0,  tympanum  2.2,  eye  2.6,  naris  to  eye  2.8,  femur  10.9, 
tibia  11.6,  fourth  toe  9.3.  Tibia/snout-vent  length  ratios  (xlOO)  for  the  entire  series  are 
45.0-50.6.  The  holotype  has  the  lowest  ratio,  the  male  paratype  the  highest. 

The  patterns  of  the  paratypes  are  very  like  that  of  the  holotype,  except  that  the 
juveniles  are  more  distinctly  patterned.  In  them,  the  dorsal  ground  color  was  yellow, 
and  all  dorsal  markings  were  black,  so  that  they  are  more  contrastingly  patterned  than 
are  the  subadult  and  adults.  The  most  consistent  (and  often  darkest — ASFS  V50030) 
dorsal  pattern  element  in  adults  is  the  scapular  chevron  and  its  lateral  extension  below 
the  dorsolateral  pale  lines.  The  dark  interocular  bar  or  triangle  may  be  broadly  confluent 
with  the  scapular  chevron  (ASFS  V46936),  and  the  snout  may  be  as  marbled  or  stippled 
as  the  dorsum  itself.  The  ventral  ground  color  was  recorded  in  the  juveniles  as  pearly 
white  and  in  the  adults  pale  gray  to  flesh.  Limb  crossbanding  is  somewhat  more  dis- 
cernible in  young  individuals,  but  in  subadults  it  tends  to  become  blurred  and  frag- 
mented; the  concealed  surfaces  are  always  gray  with  black  barring  or  marbling.  The 
black  discrete  stippling  on  the  throat  is  a constant  feature. 

Comparisons. — Eleutherodactylus  rhodesi  in  many  ways  resembles 
E.  weinlandi  Barbour  and  E.  pictissimus  Cochran,  as  well  as  E.  pro- 
bolaeus  Schwartz.  The  latter  two  species  are  far  removed  geographi- 
cally from  the  known  stations  for  E.  rhodesi : E.  pictissimus  occurs  on 
the  Hispaniolan  south  island  and  E.  probolaeus  on  the  extreme  south- 
eastern portion  of  Hispaniola  in  the  Republica  Dominicana  (see 
Schwartz,  1965:111,  and  1976:23-26,  for  details).  Of  these  two  species, 
E.  rhodesi  most  closely  resembles  E.  probolaeus  in  pattern,  but  the 
two  species  differ  in  dorsal  ground  color  (olive  in  E.  rhodesi,  tan  in  E. 
probolaeus ) and  in  details  of  dorsal  pattern.  Hind  leg  ratios  are  50.8- 
51.7  in  male  E.  probolaeus,  50.6  in  the  one  male  E.  rhodesi.  Although 
they  are  related  (in  that  both  are  members  of  the  ricordi  group),  it 
would  seem  most  likely  that  the  similarities  in  pattern  are  convergent. 
Eleutherodactylus  rhodesi  is  a shorter-limbed  frog  (heels  do  not  touch) 
than  E.  probolaeus  (heels  touch);  the  latter  is  an  inhabitant  of  semi- 
mesic  limestone  ridges,  removed  some  500  km  from  E.  rhodesi. 

Since  Port-de-Paix  lies  directly  opposite  the  satellite  lie  de  la  Tortue, 
which  is  inhabited  by  E.  warreni  Schwartz,  comparisons  of  E.  rhodesi 
with  that  species  are  pertinent  as  well.  Eleutherodactylus  warreni  is 
about  the  same  size  (males  to  26,  females  to  33)  as  E.  rhodesi,  but  the 
two  are  differently  colored  dorsally  (yellow-brown  to  medium  brown 
in  E.  warreni,  olive  in  E.  rhodesi ),  and  E.  rhodesi  is  by  far  the  more 
heavily  patterned  (see  Schwartz,  1976:17).  The  dorsal  markings  in  E. 
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warreni  are  a much  dissected  dark  interocular  bar  and  the  remnants 
of  a scapular  chevron  (both  pattern  features  well  delineated  in  E.  rho- 
desi ),  as  well  as  a few  other  scattered  dark  spots  or  blotches.  Limb 
markings  in  E.  warreni  are  much  reduced,  in  contrast  to  the  boldly 
marked  limbs  of  E.  rhodesi.  Eleutherodactylus  warreni  has  small  but 
obvious  digital  discs,  whereas  these  are  lacking  in  E.  rhodesi.  I suspect 
that  E.  warreni  is  most  closely  related  to  E.  rhodesi,  but  to  regard  them 
as  subspecies  obscures  the  very  obvious  differences  between  them. 

Most  pertinent  are  comparisons  with  E.  weinlandi.  In  fact,  the  sim- 
ilarities between  the  three  1978  juveniles  and  juvenal  E.  weinlandi 
were  one  factor  in  not  naming  the  species  at  that  time  (the  fact  that  all 
three  specimens  were  juveniles  was,  however,  the  overriding  consid- 
eration). To  understand  this  problem  completely,  I must  briefly  review 
the  situation  with  E.  weinlandi  in  northern  Haiti.  Although  this  species 
is  predominantly  Dominican  in  distribution,  there  has  been  one  Haitian 
station  ( ca . 2 km  inland  from  Anse  a Margot,  Dept,  du  Nord)  with  a 
good  representation  of  indisputable  E.  weinlandi.  This  locality  is  only 
45  km  east  of  the  type-locality  of  E.  rhodesi.  There  has  also  been  but 
a single  specimen  from  Cap-Haitien  between  Anse  a Margot  and  the 
Dominico-Haitian  border.  This  individual  is  puzzling;  it  has  been  de- 
scribed in  detail  (Schwartz,  1976:29-30).  In  1978  and  1979,  we  were 
successful  in  securing  series  of  E.  weinlandi  on  the  northern  versant 
of  the  Massif  du  Nord,  north  of  Dondon.  These  specimens  confirm  the 
presence  of  the  species  in  the  presumed  hiatus  whence  specimens  had 
been  lacking.  In  addition,  these  frogs  differ  from  their  relatives  to  the 
east  ( E . w.  weinlandi ) in  the  Republica  Dominicana.  All  of  these  facts 
had  to  be  taken  into  consideration  before  I felt  secure  in  naming  E. 
rhodesi ; too  many  pieces  of  the  puzzle  had  been  missing. 

Eleutherodactylus  rhodesi  differs  from  Haitian  E.  weinlandi  in  two 
obvious  ways — in  the  latter  there  is  always  a blotch  of  reddish,  orange, 
or  brick  color  in  the  sacral  region,  and  the  entire  dorsum  as  well  as 
the  hindlimbs  are  overlaid  heavily  with  black  so  that  very  little  of  the 
dorsal  tan  ground  color  is  visible.  Schwartz  (1965:Fig.  93)  has  a dorsal 
view  of  Dominican  E.  w.  weinlandi.  This  illustration  shows  clearly, 
when  compared  with  Fig.  2 in  the  present  paper,  the  striking  pattern 
differences  between  these  two  taxa.  These  pattern  differences,  plus 
the  more  drab  dorsal  color  of  E.  rhodesi,  make  it  clear  that  the  latter 
is  a species  distinct  from  E.  weinlandi.  Tibia/snout-vent  length  ratios 
in  both  sexes  of  E.  w.  weinlandi  vary  between  41.9  and  55.1,  in  con- 
trast to  45.0  to  50.6  in  all  E.  rhodesi.  Adult  E.  w.  weinlandi  are  larger 
(to  36  mm)  than  female  E.  rhodesi. 

Remarks. — All  but  one  specimen  of  E.  rhodesi  were  native-collected 
under  trash  in  a mesic  Musa  grove.  The  exception  is  a juvenile  taken 
by  Graham  from  under  dry  leaves  on  a slope  adjacent  to  a dry  drainage 
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ditch.  Because  much  of  this  area  south  and  southeast  of  Port-de-Paix 
is  mesic,  I presume  that  the  frogs  are  relatively  common  under  these 
mesic  cultivated  surroundings,  but  native  collectors  were  hard  to  en- 
courage to  collect  frogs  in  the  Ballade  region. 
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Abstract 

Deer  mice  (. Peromyscus  maniculatus ) were  live-trapped  on  a 1.2  ha  study  grid  located 
5 in  a subalpine  forest  on  the  eastern  slope  of  the  Front  Range  in  the  Rocky  Mountains 
of  Colorado  (elevation,  3,120  m).  The  area  exhibited  a continental  climate  with  snow 
covering  the  ground  for  about  IVz  months  of  the  year.  Activity  of  P.  maniculatus  below 
the  snow  (subnivean)  was  monitored  by  live-traps  located  within  trap  chimneys.  The 
' population  was  censused  at  2- week  intervals  from  January  1974  to  September  1975. 
Population  density  increased  during  summer,  peaked  in  early  September,  and  declined 
to  a low  in  January.  Numbers  increased  in  spring  concomitant  with  breeding  effort. 
Peromyscus  maniculatus  commenced  breeding  in  late  March  while  approximately  150 
to  200  cm  of  snow  covered  the  ground.  The  breeding  season  lasted  for  5Vi  months.  Two 
major  periods  of  hardship  produced  high  mortality  for  deer  mice — the  autumn  freeze 
and  spring  thaw.  Stomach  analyses  and  food  preference  studies  indicated  a generally 
omnivorous  diet  correlated  with  availability  of  food  resources. 

Introduction 

Field  studies  on  local  distribution  and  ecology  of  “boreal”  small 
rodents  in  the  southern  Rocky  Mountains  are  scarce,  and  few  pub- 
lished year-round  studies  exist.  Vaughan  (1969,  1974)  furnished  useful 


1 Address:  Powdermill  Nature  Reserve  of  Carnegie  Museum  of  Natural  History,  Star 
Route  South,  Rector,  Pennsylvania  15677. 

Submitted  for  publication  7 December  1979. 


114 


Annals  of  Carnegie  Museum 


vol.  49 


data  from  north-central  Colorado  on  reproduction,  population  trends, 
and  resource  allocation  in  a subalpine  “park”  near  Rabbit  Ears  Pass, 
Grand  County.  His  study  plot  was  located  close  to  spruce-fir  stands; 
hence  some  of  his  data  are  useful  for  understanding  forest-dwelling 
rodents.  Williams  (1955a)  examined  local  distribution  of  mice  and 
shrews  in  six  plant  communities  and  a post-fire  sere  in  Moon  Gulch, 
Gilpin  County,  Colorado,  discussing  habitat  affinities  in  detail.  Addi- 
tional data  on  ecological  distribution  of  mice  monitored  in  subalpine 
forests  of  Colorado  were  supplied  by  Quick  (1964)  and  Cruzan  (1968) 
in  Roosevelt  National  Forest,  Boulder  County.  The  former  also  de- 
scribed summer  demographic  patterns.  Altitudinal  distribution  of  small 
mammals  along  north-south  transects  through  the  Arkansas  River  wa- 
tershed near  Canon  City,  Fremont  County,  was  conducted  by  Arm- 
strong et  al.  (1973)  and  emphasized  habitat  segregation.  A more  recent 
study  by  Armstrong  (1977)  examined  ecological  distribution  of  nine 
species  of  rodents  in  the  Upper  Williams  Fork  Basin  of  Grand  County. 
A number  of  studies  are  available  from  northern  Gunnison  County, 
Colorado.  Quick  (1951)  estimated  relative  abundance  of  mice  as  prey 
species  for  the  long-tailed  weasel  (Mustela  frenata).  Findley  and  Ne- 
gus (1953)  and  Pruitt  (1954)  provided  data  on  local  distribution  of  small 
mammals.  Catlett  and  Brown  (1961)  reported  unusual  abundance  of 
deer  mice  near  the  Rocky  Mountain  Biological  Laboratory,  at  Gothic. 
To  date,  only  two  studies  conducted  in  the  southern  Rocky  Mountains 
have  addressed  year-round  ecology  of  small  mammals.  Stinson  (1977) 
examined  demography  and  resource  partitioning  in  a subalpine  decid- 
uous forest  of  Boulder  County,  Colorado.  Also  from  Boulder  County, 
Merritt  and  Merritt  (1978a,  1978/?)  detailed  the  year-round  population 
ecology  of  Clethrionomys  gapperi  from  a spruce-fir  forest  (the  site  of 
the  present  study). 

Studies  designed  to  examine  winter  ecology  of  small  mammals  in 
snowy  regions  of  the  world  are  relatively  few.  Selected  works  from 
various  geographic  regions  include  those  of  Formozov  (1946),  Kosh- 
kina (1957),  and  Koshkina  and  Korotkov  (1975)  for  Russia;  Pruitt 
(1957,  1959),  Fuller  (1969),  Fuller  et  al.  (1969),  Evernden  and  Fuller 
(1972),  Iverson  and  Turner  (1972,  1974,  1976),  Stebbins  (1976,  1978), 
and  Kucera  and  Fuller  (1978)  for  Canada;  and  Whitney  (1976)  for  Alas- 
ka. In  the  conterminous  United  States,  little  published  information  is 
available  to  document  winter  activity  of  rodents  in  forest  ecosystems. 
In  the  northern  Sierra  Nevada  of  California,  populations  of  P.  manicu- 
latus  and  Peromyscus  boylii  were  censused  periodically  during  winter 
to  gather  data  on  food  habits  and  reproductive  patterns  (Jameson, 
1952,  1953).  Later,  Dunmire  (1960,  1961)  collected  data  on  breeding 
dynamics  of  four  species  of  winter-active  rodents  from  the  southern 
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Sierra  Nevada,  Mono  County.  In  the  Midwest,  Beer  (1961)  collected 
information  on  home  range  of  Peromyscus  leucopus  and  C.  gapperi 
live-trapped  during  periods  of  snow  cover  in  Minnesota,  but  reported 
that,  although  continuous  snow  cover  existed,  at  no  time  was  it  deep 
enough  for  mice  to  tunnel  under  it.  To  date,  the  only  studies  to  monitor 
continuously  actual  subnivean  activity  of  rodents  in  the  United  States 
have  been  those  of  Brown  (1971,  1973)  in  northern  Minnesota,  Stinson 
(1977),  and  Merritt  and  Merritt  (1978#,  1978 b)  from  the  Rocky  Moun- 
tains of  Colorado.  The  purpose  of  the  present  study  was  to  examine 
the  year-round  population  ecology  of  the  deer  mouse  ( P . maniculatus) 
in  a subalpine  forest  of  the  Colorado  Rocky  Mountains,  in  order  to 
understand  strategies  adaptive  for  survival  in  those  environments  char- 
acterized by  severe  climatic  fluctuation. 

Methods 

The  study  was  conducted  on  the  eastern  slope  of  the  Front  Range  in  the  Rocky 
Mountains  of  Colorado,  adjacent  to  the  University  of  Colorado  Mountain  Research 
Station,  NW  Vx  Sec.  22,  TIN,  R73W,  at  an  elevation  of  3,120  m.  The  study  grid  was 
situated  in  a subalpine  forest  dominated  by  Engelmann  Spruce  ( Picea  engelmanni ) and 
subalpine  fir  ( Abies  lasiocarpa).  Understory  consisted  primarily  of  Vaccinium  myrtillus. 
A creek  bisected  the  grid  and  this  habitat  supported  a more  diverse  flora.  Much  organic 
debris  covered  the  ground  including  dead  trees,  stumps,  and  herbs.  A detailed  descrip- 
tion of  the  study  area  was  provided  by  Merritt  and  Merritt  (1978a). 

The  study  area  was  covered  by  a continuous  mantle  of  snow  for  about  IV2  months  of 
the  year.  Accumulation  of  snow  began  in  early  November  1974  and  mice  established 
subnivean  runways  by  mid-December.  At  this  time  snow  depth  ranged  from  25  to  30 
cm.  In  mid-February  mean  snow  depth  was  about  100  cm.  During  winter  the  mean 
temperature  recorded  in  the  subnivean  runways  was  0°C.  During  the  months  of  April 
and  May  1975,  the  greatest  snow  accumulation  occurred,  reaching  270  cm  in  areas  of 
drifting  snow.  Snow  began  to  melt  in  early  June  1975  and  mice  abandoned  runways  at 
the  end  of  the  month.  Snow  cover  persisted  approximately  one  month  later  in  1975  than 
in  1974  due  to  heavy  snow  fall  received  during  late  May  and  early  June  1975. 

The  study  plot  consisted  of  a 12  by  12  grid  of  stations  at  10-m  intervals  enclosing  an 
area  of  1.2  ha.  Two  small  Sherman  live-traps  were  located  at  each  station  and  monitored 
twice  daily.  Two  three-day  trapping  periods  were  conducted  each  month  for  21  months. 
The  subnivean  activity  of  mice  was  followed  by  use  of  trap  chimneys  constructed  of 
roofing  paper  with  one  chimney  positioned  at  each  station  on  the  grid.  Chimneys  were 
described  by  Merritt  and  Merritt  (1978a).  Individuals  were  marked  by  toe  clipping.  Upon 
capture,  information  taken  on  each  mouse  included  location  on  grid,  weight,  sex,  and 
reproductive  condition.  A series  of  computer  programs  was  used  to  analyze  these  data 
(Krebs,  1972). 

Mice  were  collected  periodically  from  a snap-trapping  plot  adjacent  to  the  main  study 
grid.  Stomachs  were  removed  and  fixed  in  F.A.A.  and  processed  according  to  the  meth- 
od of  Merritt  (1974)  and  Merritt  and  Merritt  (1978a).  Plant  specimens  collected  from  the 
study  area  were  used  for  reference  slides.  Contents  of  stomachs  were  tabulated  quali- 
tatively (frequency  of  occurrence)  and  quantitatively  (volumetric  percentage).  Labora- 
tory feeding  experiments  were  conducted  on  P.  maniculatus  in  order  to  ascertain  natural 
foods  eaten  and  whether  a preference  existed.  These  feeding  experiments  are  similar  to 
“cafeteria  tests”  employed  by  Merritt  and  Merritt  (1978a)  for  C.  gapperi. 
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Results 

Population  Density 

Data  obtained  from  live-trapping  were  used  to  calculate  two  esti- 
mates of  density.  The  first  was  based  on  the  trap-revealed  census  and 
estimated  the  minimum  number  of  mice  known  to  be  alive  (Krebs, 
1966;  Merritt  and  Merritt,  1978a).  The  second  method  of  measuring 
population  density  was  the  stochastic  estimate  of  Jolly  (1965).  This 
method  employed  capture-recapture  data  to  calculate  density,  and  cor- 
rected for  population  gain  due  to  birth  and  immigration  and  population 
loss  from  death  or  emigration. 

The  population  density  of  P.  maniculatus  was  low  during  winter 
1974  (Fig.  1).  Low  winter  trappability  resulted  in  the  marking  and 
recapture  of  very  few  individuals  and  was  most  likely  responsible  for 
the  discrepancy  between  the  trap-revealed  census  and  the  Jolly  esti- 
mate for  summer  1974.  Jolly’s  model  required  a minimum  number  of 
marked  animals  in  order  to  predict  future  trends  (Jolly,  1965:240).  This 
requirement  was  not  met  in  July.  Summer  population  density  was  best 
estimated  by  trap-revealed  census.  Numbers  of  deer  mice  increased 
from  a low  of  about  three  mice  per  1.2  ha  in  June,  following  runoff, 
to  a high  of  32  per  1.2  ha  in  September.  All  age  groups  contributed  to 
this  increase.  The  peak  in  September  was  shortlived,  followed  by  a 
rapid  decline  which  lasted  until  January  1975. 

During  winter  1975,  the  trap-revealed  census  was  much  lower  than 
the  Jolly  estimate.  Two  explanations  are  possible:  either  P.  manicu- 
latus may  have  undergone  short-term  torpor  or  they  may  not  have 
been  utilizing  subnivean  runways  and  therefore  could  not  be  trapped 
(Merritt  and  Merritt,  1978/?).  The  Jolly  estimate  makes  predictions 
based  on  equal  probability  of  capture  of  all  animals  and  this  may  not 
have  been  true  for  winter  deer  mice.  Numbers  increased  in  March  1975 
with  the  onset  of  breeding  and  a peak  of  15  mice  per  1.2  ha  was 
recorded  in  May.  A decline  was  seen  during  smowmelt  and  then  a 
gradual  increase  occurred  attributable  to  immigration  and  juvenile  re- 
cruitment. Because  of  the  low  numbers  of  marked  animals,  the  use- 
fulness of  the  stochastic  model  was  compromised.  Here,  a trap-re- 
vealed census  seemed  more  accurate. 

Survival 

Survival  estimates  of  mice  were  derived  from  mark-recapture  data 
and  expressed  as  minimum  survival  rate  per  28  days  (Merritt  and  Mer- 
ritt, 1978a).  This  rate  was  the  proportion  of  animals  known  to  have 
been  alive  at  one  time  out  of  those  actually  released  the  time  before. 
Mortality  was  equated  to  disappearance  of  mice  from  the  trapping  grid 
and,  therefore,  included  emigration  losses.  High  recapture  rates  were 
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Fig.  1. — Population  density  of  Peromyscus  maniculatus  showing  the  comparison  be- 
tween the  stochastic  model  of  Jolly  (1965)  and  estimates  from  trap-revealed  census. 


essential  for  obtaining  accurate  information  on  survival.  “High  sur- 
vival” was  considered  to  be  above  the  rate  of  0.7  per  28  days. 

Estimating  survival  for  P.  maniculatus  was  tenuous  due  to  low  den- 
sities. Fig.  2 shows  male  and  female  survival  for  19  months.  Survival 
rates  of  different  age  groups  are  treated  in  Table  1.  Poor  trappability 
seemingly  contributed  to  the  fluctuating  winter  survival  rate  in  deer 
mice  and  precluded  an  accurate  estimate  during  runoff.  At  the  close 
of  the  breeding  season  (late  July  and  August),  survival  improved, 
reaching  a summit  of  1.0  for  both  males  and  females  in  September 
1974.  Mortality  of  deer  mice  showed  a downward  trend  (about  13  per 
cent  per  week)  for  September,  October,  and  November.  Again,  low 
winter  trappability  resulted  in  poor  estimates  of  survival.  Breeding 
effort  commenced  in  March  1975  when  mean  male  and  female  survival 
was  about  0.63,  increasing  to  0.75  in  April.  Although  two  June-trapped 
females  demonstrated  high  survival,  it  was  thought  that  the  population 
as  a whole  was  characterized  by  low  survival  because  of  spring  thaw. 
Summer  survival  was  extremely  low  and  no  upward  trend  was  seen 
when  trapping  was  concluded. 
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Fig.  2. — Minimum  survival  rate  per  28  days  for  male  and  female  Peromyscus  manicu- 
latus. 


Reproduction 

Reproductive  patterns  in  P.  maniculatus  were  evaluated  by  the 
length  of  breeding  season  and  the  intensity  of  breeding  (per  cent  of 
mice  in  breeding  condition  at  a given  time).  External  criteria  were  used 
to  describe  reproductive  status  (Merritt  and  Merritt,  1978a).  Breeding 
performance  in  deer  mice  is  presented  in  Fig.  3.  Although  trapping 
began  in  January,  Peromyscus  was  not  captured  until  March  1974,  at 
which  time  they  were  in  non-breeding  condition.  All  females  showed 
reproductive  effort  by  April.  No  data  were  available  for  males  until 
May,  when  all  were  found  to  be  in  breeding  condition.  Both  males  and 
females  showed  maximum  breeding  intensity  during  snowmelt,  and 
tapered  off  in  August  1974  when  only  60  to  75%  of  the  mice  were 
breeding.  By  September  1974,  all  breeding  had  ceased.  The  length  of 
breeding  season  was  about  5Vi  months.  No  breeding  occurred  between 
September  1974  and  March  1975.  In  1975,  males  initiated  breeding  in 
April  with  females  trailing  slightly.  A plateau  of  maximum  intensity 
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Table  l.— Minimum  survival  rates  per  28  days  for  Peromyscus  maniculatus  ( sample 

sizes  in  parentheses). 


Month 

Males 

Females 

Adults 

Subadults  and 
juveniles 

Adults 

Subadults  and 
juveniles 

March  1974 

1.00  (1) 

— 

1.00  (1) 

— 

May 

0(2) 

— 

.63  (3) 

— 

June 

1.00  (3) 

— 

0(1) 

0(1) 

July 

•25  (2) 

— 

— 

— 

August 

.63  (10) 

.25  (3) 

.64  (5) 

1.00  (1) 

September 

1.00(14) 

1.00  (6) 

1.00  (6) 

1.00  (7) 

October 

.54  (23) 

.63  (3) 

.72(11) 

.78  (7) 

November 

.31  (12) 

.50  (2) 

.44  (6) 

1.00  (3) 

December 

.16(5) 

— 

• 25  (2) 

0(1) 

January  1975 

0(1) 

0(1) 

— 

— 

February 

0(1) 

— 

— 

— 

March 

.13(3) 

1.00  (1) 

1.00  (2) 

1.00  (2) 

April 

1.00  (4) 

— 

.50  (5) 

1.00(1) 

May 

.68  (8) 

— 

.53  (5) 

1.00  (1) 

June 

0(4) 

— 

1.00  (2) 

— 

July 

0(1) 

— 

0(1) 

1.00  (1) 

August 

— 

0(3) 

0(2) 

— 

September 

0(2) 

0(3) 

— 

0(2) 

was  achieved  by  June  and  maintained  through  runoff  until  August. 
Breeding  then  diminished  rapidly  to  a point  of  no  breeding  in  Septem- 
ber 1975.  The  length  of  the  1975  breeding  season  was  the  same  as  that 
of  1974. 

Growth 

Growth  dynamics  of  mice  were  analyzed  for  21  months  in  two  ways: 
1)  by  plotting  body  weight  distributions  through  time  and  2)  by  tracing 
growth  of  selected  individuals  over  several  trapping  periods.  Body 
weight  was  distributed  among  four  major  weight  classes  of  deer  mice 
(Fig.  4).  No  mice  were  caught  weighing  less  than  10  g nor  more  than 
29  g.  In  March  1974,  one  male  was  in  the  15  to  19  g weight  class  and 
a female  in  the  10  to  14  g class.  When  the  breeding  season  commenced, 
females  weighed  more  than  males;  the  latter  were  distributed  entirely 
in  the  10  to  14  g weight  class  until  August.  Approximately  20%  of 
August-trapped  females  weighed  25  to  29  g,  indicating  pregnancy. 
About  50%  of  the  population  consisted  of  10  to  14  g juveniles  at  this 
time.  For  the  most  part,  overwintering  mice  were  distributed  in  the  10 
to  14  g and  15  to  19  g weight  classes.  In  March  1975,  a gradual  increase 
in  the  number  of  animals  in  the  20  to  24  g class  began,  reaching  100% 
for  females  and  50%  for  males  in  June.  This  weight  class  was  in  breed- 
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Fig.  3. — Length  of  breeding  season  and  breeding  intensity  in  Peromyscus  maniculatus. 
Note  onset  of  reproductive  effort  during  period  of  snow  cover. 


ing  condition  during  spring  snowmelt.  Males  were  confined  to  the  10 
to  14  g weight  class  for  the  remainder  of  the  summer.  Only  two  females 
were  captured  in  August,  one  in  the  15  to  19  g class  and  the  other  in 
the  25  to  29  g class  (pregnant). 

Selected  individual  growth  records  are  shown  for  P.  maniculatus  in 
Fig.  5.  The  average  weight  in  September  1974  for  males  was  14.6  g 
(SE  = 1.23)  and  13.5  g (SE  = 0.50)  for  females.  Fifty  percent  of  these 
mice  showed  a slight  weight  gain  in  November,  followed  by  a period 
of  3 Vi  months  in  which  they  were  not  captured.  When  recaptured  in 
March  1975,  they  had  increased  in  weight.  Males  caught  in  May  av- 
eraged 20.3  g (SE  = 1.24),  whereas  females  weighed  16.3  g (SE 
0.62).  Growth  records  for  P.  maniculatus  show  a gradual  trend  toward 
increasing  weight  through  winter,  peaking  in  summer.  Mid-winter 
weights  were  not  available  due  to  poor  trappability. 
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Fig.  4. — Histogram  showing  body  weight  distribution  of  male  and  female  Peromyscus 
maniculatus.  Numbers  on  horizontal  axis  are  monthly  sample  size. 


Analysis  of  Diet 

Because  of  the  low  density  of  P.  maniculatus,  very  few  stomachs 
were  available  for  dietary  analysis.  Four  stomachs  were  secured  during 
spring  (subnivean  collected)  and  three  in  summer.  Based  on  this  small 
sample,  the  diet  (expressed  as  volumetric  percentage)  of  P.  manicu- 
latus during  spring  included  primarily  seeds  of  spruce  and  fir  (78%) 
and  insects  (17%).  In  August,  the  diet  shifted  somewhat,  although 
unidentified  seeds  predominated  (59%).  Other  food  consumed  during 
August  included  flowers  (12%),  leaves  and  stems  (11%),  insects  (11%), 
and  fungi  (5%). 

Results  of  laboratory  cafeteria  tests  of  deer  mice  corresponded  well 
with  stomach  analyses  of  field-caught  mice.  The  greatest  preference 
was  shown  for  flowers  (mean  food  consumption  = 75%,  20  items 
tested).  Fruit  and  seeds  (for  example,  spruce,  fir,  wintergreen,  lupine, 
strawberry,  blueberry,  and  marsh  marigold)  were  readily  consumed 
(mean  food  consumption  = 60%,  seven  items  tested).  A preference 
was  also  shown  for  fungi  associated  with  large  masses  of  humus  (mean 
food  consumption  = 25%,  eight  items  tested).  Other  preferred  foods 
included  stems,  leaves  and  roots  (mean  food  consumption  = 20%, 
12%,  10%  respectively,  combined  number  of  items  tested,  69). 
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Fig.  5. — Weight  records  of  selected  individual  male  and  female  Peromyscus  maniculatus 
(n  = 10).  Divisions  on  the  vertical  axis  are  increments  of  5 g.  The  number  of  the  animal 
is  given  above  each  weight  record. 


Discussion 
Population  Density 

In  mountainous  regions  of  western  North  America  studies  of  pop- 
ulation dynamics  of  P.  maniculatus  have  been  limited  to  snow-free 
periods  with  few  exceptions.  Findley  and  Negus  (1953)  reported  sum- 
mer densities  of  19.8  animals  per  ha  in  a spruce-fir  forest  and  29.6 
animals  per  ha  in  a Festuca  meadow  near  Gothic,  Colorado.  Later, 
Negus  and  Findley  (1959)  estimated  density  of  deer  mice  during  sum- 
mer in  the  Jackson  Hole  Valley  of  northwestern  Wyoming.  Estimates 
of  density  were  7.9,  8.4,  14.8,  and  34.6  animals  per  ha  for  alpine  mead- 
ow, aspen,  sage,  and  spruce-fir-pine  communities,  respectively.  Catlett 
and  Brown  (1961)  reported  an  unusually  high  abundance  of  deer  mice 
in  aspen,  willow,  and  meadow  grass  habitats  near  Gothic.  Using 
NACSM  techniques,  97  P.  maniculatus  were  trapped  in  180  trapnights 
during  early  September.  Quick  (1964)  estimated  densities  of  small 
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mammals  in  different  plant  communities  in  close  proximity  to  the  pres- 
ent study  site.  In  a spruce-fir  forest,  density  was  about  2.5  deer  mice 
per  ha  for  August.  During  mid-summer,  he  found  a mean  density  in  a 
limber  pine  burn  of  17.9  mice  per  ha  and  densities  of  11.6  and  3.7 
animals  per  ha  in  dry  and  wet  aspen  communities,  respectively.  The 
estimates  of  Quick  (1964)  for  a spruce-fir  forest  were  generally  lower 
than  those  reported  in  the  present  study  possibly  because  of  different 
trapping  techniques.  Although  the  above  mentioned  investigations  are 
helpful  in  understanding  demographic  trends  of  P.  maniculatus  in 
mountainous  regions,  all  have  been  restricted  to  snow-free  periods  of 
the  year. 

Little  work  is  available  which  has  monitored  the  year-round  demog- 
raphy of  deer  mice  in  mountainous  regions  of  the  western  United 
States.  Workers  in  the  Sierra  Nevada  of  California  provided  density 
estimates  for  P.  maniculatus  (Storer  et  al.,  1944).  Their  study  area 
was  a cut-over  Transition  Zone  forest  (1,372  m)  in  Madera  County. 
Snap-trapping  techniques  were  employed  to  estimate  the  resident  pop- 
ulation of  deer  mice.  Density  of  deer  mice  in  spring  was  approximately 
16.1  per  ha,  increasing  to  a summer  high  of  22  per  ha.  Numbers  of 
mice  remained  high  in  autumn  (18.3  per  ha)  and  winter  (17.8  per  ha). 
No  trapping  was  conducted  from  January  to  March  due  to  deep  snow 
cover.  Their  density  estimates  were  similar  to  those  found  in  our  study, 
with  the  highest  density  occurring  in  summer,  and  the  lowest  during 
spring.  Recently,  Stinson  (1977)  followed  year-round  population  den- 
sity for  P.  maniculatus  from  a subalpine  aspen  forest  in  close  prox- 
imity to  the  site  of  the  present  study.  He  employed  methods  similar 
to  those  of  our  study  and  reported  an  average  density  of  4.5  mice  per 
ha  for  his  14-month  investigation.  Numbers  ranged  from  2.5  to  11.3 
animals  per  ha  with  peak  density  occurring  in  autumn  (November).  As 
in  the  present  study,  Stinson  (1977)  also  experienced  low  trappability 
during  winter  which  precluded  accurate  density  measurements.  In  gen- 
eral, year-round  density  of  P.  maniculatus  reported  by  Stinson  (1977) 
averaged  slightly  lower  than  observed  in  our  study  plot  probably  in 
part  reflecting  the  higher  species  diversity  and  different  plant  com- 
munity sampled. 

Survival 

In  the  Front  Range  of  the  Rocky  Mountains  two  major  periods  of 
hardship  exist  for  rodents  inhabiting  the  subnivean  environment — the 
autumnal  and  vernal  thermal  overturns  (Stinson,  1977;  Merritt  and 
Merritt,  1978#,  1978 b).  The  period  of  autumnal  thermal  overturn  has 
been  defined  as  that  period  of  the  year  when  ambient  temperatures  fall 
below  ground  temperatures  (Formozov,  1946;  Pruitt,  1957,  1970).  A 
”hiemal  threshold”  becomes  established  when  snow  thickness  is  suf- 
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ficient  to  insulate  soil  against  fluctuating  ambient  temperatures  and 
marks  the  beginning  of  winter  for  small  homeotherms.  At  this  time, 
foraging  is  restricted  to  the  subnivean  environment.  Following  rela- 
tively stable  subnivean  temperatures  encountered  during  winter 
months,  the  next  critical  period  is  spring  thaw  or  vernal  thermal  over- 
turn. Here,  increased  ambient  temperatures  cause  snow  to  melt  and 
thus  lose  its  insulating  powers.  At  this  time,  small  mammals  abandon 
runways  due  to  flooding.  The  above  two  critical  periods  have  been 
shown  to  cause  high  mortality  to  mice  (Johnson,  1951,  1954;  Fuller, 
1967;  Fuller  et  al.,  1969;  Vaughan,  1969,  1974;  Whitney,  1973,  1976; 
Stinson,  1977;  Merritt  and  Merritt,  1978a,  1978/?). 

In  Alaska,  Pruitt  (1957)  found  the  autumn  freeze  period  to  be  the 
most  critical  time  of  year  for  mice,  producing  high  mortality.  Vaughan 
(1969)  concurred,  indicating  that  for  small  mammals  inhabiting  a sub- 
alpine  meadow  in  north-central  Colorado,  the  autumn  freeze  caused 
high  mortality  resulting  in  low  densities  the  following  summer.  Also, 
Stinson  (1977)  and  Merritt  and  Merritt  (1978a)  noted  low  survival  for 
small  mammals  in  the  Front  Range  of  the  Rocky  Mountains  during  the 
period  of  autumn  freeze.  In  contrast,  Fuller  et  al.  (1969)  reported  high 
survival  of  C.  gapperi,  Clethrionomys  rutilus  and  P.  maniculatus  dur- 
ing this  period  in  northern  Canada.  Similarly,  Whitney  (1973,  1976) 
reported  high  survival  of  rodents  (C.  rutilus  and  Microtus  oeconomus) 
in  a paper  birch  forest  of  Alaska.  In  the  present  study,  the  autumn 
freeze  caused  lowered  survival  of  P.  maniculatus  (Fig.  2,  Table  1).  A 
continuous  snow  cover  developed  by  mid-November,  but  subnivean 
runway  systems  were  not  established  until  early  to  mid-December 
when  the  “hiemal  threshold”  was  established.  Before  the  establish- 
ment of  this  threshold,  deer  mice  were  subjected  to  temperatures  of 
-25°C  (Merritt  and  Merritt,  1978a)  probably  accounting  for  lowered 
survival  during  this  time  of  year. 

The  period  of  snowmelt  or  spring  thaw  has  been  shown  to  influence 
survival  of  small  mammals.  In  the  forests  of  Alaska  and  Canada  the 
period  of  snowmelt  caused  mortality  and  affected  breeding,  thereby 
altering  recruitment  in  populations  of  small  mammals  (Pruitt,  1957; 
Fuller,  1967,  1969).  In  the  Sierra  Nevada,  Jenkins  (1948)  noted  that 
flooding  in  spring  affected  population  levels  of  Microtus  montanus  and 
Microtus  longicaudus . More  recently,  Whitney  (1976)  observed  a de- 
cline in  survival  rates  of  microtines  during  snowmelt  and  suggested 
that  nestlings  were  most  affected.  Stinson  (1977)  reported  low  survival 
and  local  extinction  of  some  small  mammals  occurred  in  response  to 
inundation  of  the  habitat  from  snowmelt  in  his  study  area  in  the  Front 
Range.  In  his  study  snowmelt  began  in  April  with  many  animals  show- 
ing a shift  in  distribution  to  drier  areas.  Those  animals  which  did  not 
adjust  distribution  perished  during  the  height  of  flooding  in  May.  Mer- 
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ritt  and  Merritt  (1978a)  suggested  that  the  period  of  spring  runoff  was 
the  most  critical  time  of  year  for  C.  gapperi  in  the  present  study  area. 
On  the  study  grid,  the  spring  thermal  overturn  occurred  when  mini- 
mum subnivean  temperatures  rose  above  0°C  (mid-June  1975,  Merritt 
and  Merritt,  1978a).  In  the  present  study,  greatest  mortality  occurred 
during  May  and  June  1974  and  June  and  July  1975  (Fig.  2,  Table  1). 
Mortality  was  clearly  correlated  with  the  period  of  snowmelt  which 
was  earlier  in  1974  than  in  1975,  although  ablation  occurred  at  a faster 
rate  in  the  latter  year.  Mortality  was  pronounced  in  the  vicinity  of  the 
stream  and  nestlings  were  most  affected  by  flooding.  As  mentioned 
earlier,  the  method  employed  herein  to  determine  survival,  equated 
mortality  to  disappearance;  therefore,  survival  includes  both  death  and 
emigration.  The  weight  of  each  component  was  not  determined  em- 
pirically; however,  based  on  previous  literature  and  field  observations 
it  is  thought  that  death  was  the  greatest  contributor  to  the  overall  loss 
of  individuals  during  the  period  of  spring  thaw. 

A third  critical  period  for  small  mammals  inhabiting  the  subnivean 
environment  is  reported  to  occur  during  mid- winter  (Pruitt,  1957;  Beer, 
1961).  This  did  not  appear  to  be  true  for  the  present  study.  Tempera- 
tures in  the  subnivean  environment  during  winter  months  remained 
constant  at  about  0°C  due  to  the  insulatory  ability  of  snow  cover  (Mer- 
ritt and  Merritt,  1978a).  Indeed,  numbers  of  overwintering  deer  mice 
were  low,  but  tended  to  be  stable.  These  low  numbers  were  thought 
to  be  a product,  at  least  in  part,  of  poor  trappability  attributable  to  a 
short-term  winter  torpor.  The  occurrence  of  torpidity  during  winter 
months  and  movements  of  P.  maniculatus  in  the  subnivean  environ- 
ment were  detailed  for  this  population  by  Merritt  and  Merritt  (1978/?). 

Reproduction 

In  the  subalpine  environment  small  mammals  are  subject  to  selection 
favoring  high  productivity.  Environmental  factors  of  importance  in  the 
study  region  include  a short  snow-free  season  (about  AVi  months),  a 
short  growing  season  (only  87  frost  free  days),  and  two  periods  of 
extreme  hardship  (autumn  freeze  and  spring  thaw).  Quick  (1964)  in- 
dicated that  P.  maniculatus  commenced  breeding  in  April  or  May 
under  the  snow  in  the  Front  Range  of  Colorado.  Vaughan  (1969)  how- 
ever, believed  that  deer  mice  generally  initiated  breeding  following 
snowmelt.  Jameson  (1953)  and  Dunmire  (1960)  found  deer  mice  to 
breed  in  late  winter  in  the  Sierra  Nevada  of  California.  The  latter  study 
reported  breeding  under  the  snow  at  an  elevation  of  3,780  m on  White 
Mountain.  Stinson  (1977)  reported  male  P.  maniculatus  in  reproduc- 
tive condition  in  late  March  while  females  showed  perforate  vaginas 
in  April  in  the  Front  Range.  Both  sexes  initiated  breeding  effort  while 
a blanket  of  snow  covered  the  ground.  In  the  present  study,  breeding 
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effort  in  P.  maniculatus  commenced  in  late  March  while  approxi- 
mately 150  to  200  cm  of  snow  covered  the  ground,  and  breeding  con- 
tinued until  September.  In  1975,  males  showed  signs  of  breeding  about 
one  month  before  females  (Fig.  3);  this  timing  may  relate  to  females 
being  induced  ovulators  (Asdell,  1964).  The  ability  of  small  mammals 
to  initiate  breeding  below  a continuous  mantle  of  snow  with  apparently 
no  clear  exogenous  cue  has  intrigued  investigators  interested  in  sub- 
nivean  ecology.  A discussion  and  review  of  literature  on  this  topic  was 
provided  by  Evernden  and  Fuller  (1972),  Hall  (1975),  and  Merritt  and 
Merritt  (1978a).  The  latter  considered  this  phenomenon  in  C.  gapperi 
from  the  present  study  area.  Because  of  the  similar  breeding  phenology 
of  P.  maniculatus,  no  discussion  will  be  undertaken  at  this  time. 

In  north-central  Colorado,  Vaughan  (1969)  found  that  P.  manicu- 
latus produced  more  than  one  litter  during  summer,  and  pups  captured 
in  June  bred  the  same  summer.  Stinson  (1977)  found  deer  mice  to  be 
polyestrous  producing  several  litters  during  a breeding  season.  This 
trend  was  seen  in  P.  maniculatus  in  the  present  study.  Additionally, 
Lichty  (1962)  found  mean  litter  size  for  P.  maniculatus  to  be  6.0 
(range,  6-8)  in  the  San  Juan  Mountains  of  southern  Colorado.  Vaughan 
(1969)  found  a mean  litter  size  of  5.6  for  deer  mice  based  on  placental 
scars.  Stinson  (1977)  determined  litter  size  in  P.  maniculatus  to  be  5.7 
(range,  2-10,  n = 4)  for  a Colorado  subalpine  deciduous  forest.  In  the 
present  study,  litter  size  was  calculated  as  6.0  (range,  5-7,  n = 5). 
Spencer  and  Steinhoff  (1968)  examined  litter  size  in  P.  maniculatus 
from  the  southern  Rocky  Mountains  and  found  that  large  litters  were 
typical  of  areas  of  high  altitude,  which  exhibited  a short  growing  sea- 
son. Data  on  litter  size  from  the  present  study  and  other  studies  cited 
above  tend  to  support  this  claim. 

Growth 

Small  mammals  residing  in  regions  characterized  by  winter  snow 
cover  have  been  reported  to  demonstrate  a decrease  in  body  weight 
during  fall  and  winter,  with  a gain  in  weight  in  spring  concomitant  with 
reproductive  activity.  This  overwinter  weight  decline  is  reported  for 
many  small  mammals  throughout  the  world  and  some  indicate  that  it 
may  be  important  in  reducing  energy  requirements  during  the  crucial 
winter  period  (see  Merritt  and  Merritt,  1978a  for  review  of  literature). 
Although  Merritt  and  Merritt  (1978a)  noted  a weight  decline  in  C. 
gapperi  for  the  present  study  site,  growth  records  for  Peromyscus 
showed  a gradual  trend  toward  increasing  weight  through  winter,  peak- 
ing in  summer  (Fig.  5).  In  contrast,  Fuller  (1969)  and  Fuller  et  al.  (1969) 
noted  that  weights  of  P.  maniculatus  declined  during  winter  in  their 
study  area  near  Great  Slave  Lake,  N.W.T.  Also,  Stebbins  (1978)  found 
significant  decreases  in  growth  and  weight  specific  food  consumption 
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of  P.  maniculatus  caged  in  semi-natural  enclosures  at  Lethbridge, 
Alberta,  Canada.  Data  from  the  present  study  should  be  interpreted 
with  caution  due  to  the  lack  of  captures  in  mid-winter  for  most  indi- 
viduals. Further  examination  of  natural  populations  of  P.  maniculatus 
in  mountainous  regions  of  conterminous  United  States  are  necessary 
in  order  to  elucidate  year-round  body  weight  trends  and  resultant  en- 
ergy requirements  of  this  species. 

Food  Habits 

The  diet  of  P.  maniculatus  varies  greatly  according  to  availability 
of  food  resources  in  a given  ecosystem.  In  New  York,  Hamilton  (1941) 
found  insects,  mast,  seeds,  and  green  vegetation  important  in  the  diet 
of  the  deer  mouse.  In  mountainous  regions  of  the  western  United 
States  few  studies  have  focused  on  dietary  analysis  of  P.  maniculatus . 
The  year-round  food  habits  of  deer  mice  were  detailed  in  the  northern 
Sierra  Nevada  by  Jameson  (1952).  He  found  that,  in  coniferous  forest 
situations,  seeds  were  consumed  in  greatest  quantities  during  autumn, 
winter,  and  spring,  but  declined  in  summer  when  fungi  were  the  major 
food  items.  Jameson  (1952)  concluded  that  fungi  were  not  a favored 
food,  but  were  eaten  in  the  absence  of  other  foods.  Arthropods  were 
a staple  due  to  their  abundance.  Williams  (19556)  described  the  food 
habits  of  mice  and  shrews  in  a forest  valley  in  the  southern  Rocky 
Mountains.  She  found  that  deer  mice  tended  to  show  opportunistic 
feeding  habits.  In  early  July,  deer  mice  consumed  roughly  80%  ar- 
thropods and  15%  seeds,  but  in  September  mice  shifted  to  a diet  pri- 
marily of  seeds  (82%)  with  few  arthropods  being  eaten  (4%).  These 
seasonal  shifts  in  diet  reflected  availability  of  food.  In  another  study 
(Williams,  1959),  122  stomachs  of  P.  maniculatus  taken  from  various 
localities  in  Wyoming  and  Colorado  were  examined.  Here,  starchy 
interiors  and  integuments  of  seeds  comprised  most  of  the  material  in 
stomachs.  The  mast  of  conifers  was  thought  to  be  an  important  food 
of  deer  mice;  other  foods  present  were  arthropods,  fruits,  fungi,  and 
green  vegetation.  Stinson  (1977)  also  examined  the  summer  diet  of  P. 
maniculatus  in  the  Colorado  Front  Range.  Seeds  acted  as  a staple  in 
the  diet  of  deer  mice  with  lesser  amounts  of  green  vegetation,  fruits, 
flowers,  insects,  and  fungi. 

Various  types  of  subterranean  fungi  have  been  shown  to  be  an  im- 
portant food  in  the  diet  of  P.  maniculatus.  Recently,  Maser  et  al. 
(1978)  discussed  the  importance  of  fungi  as  food  for  deer  mice  inhab- 
iting coniferous  forests  of  the  Pacific  Northwest.  Dowding  (1955)  and 
Bakerspigel  (1956,  1958)  found  chlamydospores  of  Endogone  fasci- 
culatum  in  stomachs  of  P.  maniculatus  collected  from  Alberta,  Sas- 
katchewan and  Manitoba.  In  the  southern  Rocky  Mountains,  Williams 
and  Finney  (1964:267)  found  Endogone  to  be  an  important  food  for 
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deer  mice.  Greatest  frequency  of  utilization  of  fungi  by  P.  maniculatus 
occurred  in  a moist  spruce-fir  forest,  . . in  which  a thick  layer  of 
leaf  mold  covered  the  mineral  soil  and  much  fallen  timber  was  rotting 
on  the  ground.”  In  the  present  study,  stomach  analysis  of  field-caught 
animals  and  laboratory  cafeteria  tests  compared  closely  with  findings 
of  previous  studies  mentioned  above.  Diet  of  P.  maniculatus  inhab- 
iting the  spruce-fir  forest  of  the  present  study  was  notably  omnivorous 
and  reflected  opportunism  in  feeding  on  a seasonal  basis. 
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Abstract 

The  appendicular  musculature  was  dissected  in  18  species  of  passerine  birds  in  the 
family  Laniidae  (shrikes  and  their  allies).  A cladistic  analysis  of  variations  in  the  limb 
muscles,  supplemented  by  other  information,  was  used  to  construct  a hypothesis  of 
evolutionary  relationships  in  the  family.  Monophyly  of  the  family  as  currently  recog- 
nized was  not  refuted,  but  corroborating  data  are  weak.  The  subfamily  Malaconotinae 
(bush-shrikes)  is  a coherent  assemblage  of  primitive  species.  The  true  shrikes  (subfamily 
Laniinae)  have  hind  limb  muscular  specializations  apparently  unique  among  passerine 
birds.  The  helmet-shrikes  (subfamily  Prionopinae)  have  a distinct  pattern  of  hind  limb 
adaptations.  The  Bornean  Bristlehead,  Pityriasis  gymnocephala  (subfamily  Pityriasi- 
nae),  an  aberrant  oscine  of  disputed  affinities,  is  most  likely  the  primitive  sister  taxon 
of  the  Prionopinae. 


Introduction 

Current  opinions  about  the  evolutionary  relationships  of  the  shrikes 
and  their  allies  are  based  on  the  ideas  of  Sharpe  (1877),  who  first 
defined  the  family  Prionopidae,  and  Gadow  (1883),  who  established 
the  family  Laniidae.  Subsequent  workers  rearranged  some  genera,  and 
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Table  1. — Outline  of  Rand's  (I960)  classification  of  the  Laniidae. 


Subfamilies 

Genera 

Number  of 
species 

Distribution 

Prionopinae 

Eurocephalus 

2 

Africa 

Prionops 

7 

Africa 

Malaconotinae 

Lanioturdus 

1 

Africa 

Nilaus 

1 

Africa 

Dryoscopus 

6 

Africa 

Tchagra 

6 

Africa 

Laniarius 

10 

Africa 

Telophorus 

10 

Africa 

Malaconotus 

5 

Africa 

Laniinae 

Corvinella 

2 

Africa 

Lanius 

23 

Africa,  Asia,  Europe, 
North  America, 
Philippines,  Malaysia, 
New  Guinea 

Pityriasinae 

Pityriasis 

1 

Borneo 

removed  many  of  them  to  other  families.  The  taxonomic  history  of  the 
group  is  reviewed  by  Sibley  (1970:78-79)  and  Mayr  and  A mad  on 
(1951).  The  modern  concept  of  the  shrike  assemblage  is  expressed  in 
the  classification  of  the  Laniidae  by  Rand  (1960),  which  is  summarized 
in  Table  1. 

Rand  recognizes  four  subfamilies.  The  Prionopinae  or  helmet- 
shrikes  include  the  genera  Eurocephalus  (two  species)  and  Prionops 
(seven  species)  of  Africa.  Helmet-shrikes  have  specialized  head  feath- 
ering with  stiffened  feathers  on  the  forehead,  sometimes  forming  a 
crest.  Prionops , furthermore,  has  distinctive  eye  wattles  formed  by 
fleshy  outgrowths  of  the  eyelid  margins.  The  group  has  often  been 
considered  as  a separate  family  Prionopidae,  and  as  such  is  diagnosed 
by  Van  Tyne  and  Berger  (1976:754)  and  Bannerman  (1939:337).  Sharpe 
(1877)  defined  the  family  by  a detailed  diagnosis,  but  most  of  his  char- 
acters are  either  plesiomorphous  or  readily  attributable  to  conver- 
gence. Mayr  (1943)  removed  most  of  Sharpe’s  genera  to  other  families, 
and  the  remnant  form  the  group  as  currently  recognized. 

The  most  diverse  group  in  the  Laniidae  is  the  subfamily  Malacon- 
otinae  or  African  bush-shrikes,  which  in  Rand’s  classification  includes 
seven  genera  and  39  species.  The  bush-shrikes  are  variable  in  plumage, 
some  being  drab  and  others  brightly  colored.  Some  are  birds  of  open 
country  while  others  frequent  woodlands.  They  are  often  arboreal 
gleaners,  but  some  also  forage  on  the  ground.  In  general  the  subfamily 
appears  to  be  a coherent  group  except  for  Nilaus,  which  differs  from 
the  other  genera  in  the  form  of  the  tarsal  envelope  (podotheca).  In 
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most  bush-shrikes  this  has  a row  of  large  scutes  on  the  anterior  surface, 
with  undivided  (fused)  laminae  on  either  side  of  the  planta  tarsus.  In 
Nilaus,  however,  the  plantar  surfaces  have  a row  of  separate  scutes, 
resembling  the  condition  in  the  Prionopinae.  Perhaps  on  this  basis, 
Sclater  (1930)  included  Nilaus  with  the  Prionopidae.  Mayr  (1943) 
transferred  Nilaus  to  the  Muscicapidae  on  the  basis  of  plumage,  con- 
sidering that  the  shrike-like  bill  was  a convergent  feature.  Chapin 
(1954)  disagreed  with  both  Sclater  (1930)  and  Mayr  (1943),  and  retained 
Nilaus  among  the  shrikes. 

The  subfamily  Laniinae  contains  the  true  or  typical  shrikes.  The 
long-tailed  genus  Corvinella  is  restricted  to  Africa,  but  Lanius  has 
spread  throughout  the  Old  World  and  into  North  America,  and  in  the 
process  has  split  into  a great  many  species  (Table  1).  The  true  shrikes 
usually  hunt  by  sitting  on  an  exposed  perch  while  scanning  the  ground. 
When  it  sights  prey  the  bird  flies  down  to  capture  it,  and  then  returns 
to  the  same  or  another  perch  to  feed.  The  Laniinae  and  Malaconotinae 
are  sometimes  grouped  together  as  the  family  Laniidae  when  the  Prion- 
opidae are  classified  separately.  This  is  based  on  the  idea  that  they  are 
closely  related,  though  Mayr  and  Amadon  (1951)  questioned  this.  Di- 
agnoses of  the  Laniidae  in  this  form  are  given  by  Van  Tyne  and  Berger 
(1976:753)  and  Bannerman  (1939:348). 

The  subfamily  Pityriasinae  contains  only  the  Bornean  Bristlehead, 
Pityriasis  gymnocephala.  This  is  one  of  the  strangest  of  all  oscines, 
and  its  affinities  are  extremely  obscure.  Despite  its  name,  it  has  no 
true  bristles  on  its  head  (Stettenheim,  1974:226).  It  has  a large,  hooked 
bill,  which  is  shrike-like  in  general  form.  Patches  of  contrastingly  col- 
ored bristle-like  contour  feathers  on  the  lower  sides  of  the  head,  and 
a bare  area  of  somewhat  rough-textured  skin  around  the  eye  suggest 
an  affinity  with  the  Prionopinae.  The  strangest  feature  is  that  the  top 
of  the  head  is  covered  with  a dense  carpet  of  finger-like  outgrowths  of 
the  skin.  These  are  not  bristles,  although  they  resemble  them  in  a dry 
study  skin.  Examination  of  a spirit  specimen  shows  that  they  are  out- 
growths of  the  skin  itself.  These  peculiar  structures  are  unique  among 
birds,  though  probably  representing  some  more  generalized  capability 
of  the  skin  for  such  specializations  as  wattles,  caruncles,  and  the  like. 

Mayr  (1943)  suggested  tentatively  that  Pityriasis  might  be  a starling 
(Sturnidae),  mainly  because  the  bare  area  around  the  eye  resembles 
that  in  some  mynahs.  Mayr  and  Amadon  (1951)  pointed  out  the  geo- 
graphical difficulty  of  allying  Pityriasis  with  the  Prionopinae,  but  ad- 
mitted that  it  has  some  possible  affinities  with  that  group,  and  could 
offer  no  better  solution  than  to  repeat  the  possible  sturnid  connection. 
Amadon  (1943)  reluctantly  included  it  in  the  Sturnidae,  while  pointing 
out  characters  that  argued  against  this  position.  Later  (Amadon,  1956), 
he  preferred  to  keep  it  in  the  Prionopidae.  Delacour  (1947)  placed  it 
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with  the  Sturnidae,  but  also  with  uncertainty.  Thompson  (1966)  pre- 
ferred to  place  Pityriasis  in  the  Cracticidae,  on  the  basis  of  a brief 
osteological  study  whose  results  he  did  not  report.  The  overall  impres- 
sion that  one  receives  from  the  literature  is  that  nobody  has  been 
comfortable  with  any  allocation  of  Pityriasis,  and  that  the  question  of 
its  affinities  is  still  unresolved. 

The  present  study  is  an  attempt  to  clarify  the  problems  of  evolu- 
tionary relationships  within  the  Laniidae,  including  the  question  of 
whether  the  family  is  monophyletic.  This  is  done  by  a cladistic  analysis 
of  new  information  on  the  gross  morphology  of  the  limb  muscles,  com- 
bined with  a reassessment  of  some  of  the  characters  analyzed  by  pre- 
vious workers. 


Methods  and  Materials 

All  of  the  forelimb  and  hindlimb  muscles  were  examined  in  the  following  species: 
Prionopinae — Prionops  cristata,  P.  plumata,  Eurocephalus  rueppelli,  E.  anguitimens ; 
Malaconotinae — Nilaus  brubru,  Dryoscopus  sabini,  D.  cubla,  Tchagra  sene  gala,  Lani- 
arius  ferrugineus,  Telophorus  sulfureopectus,  T.  zeylonus,  T.  dohertyi ; Laniinae— Cor- 
vinella  corvina,  Lanius  cristatus,  L.  collurio,  L.  vittatus;  Pityriasinae — Pityriasis  gym- 
nocephala.  In  addition,  certain  muscles  were  also  examined  in  Corvinella  melanoleuca. 
This  group  includes  at  least  one  member  of  all  genera  admitted  by  Rand  (1960)  except 
for  two  of  the  Malaconotinae,  namely  Malaconotus  and  Lanioturdus,  for  which  suitable 
specimens  could  not  be  obtained.  For  most  species  only  one  specimen  was  examined, 
but  in  several  cases  two  or  three  were  dissected.  Specimens  were  studied  under  a 
stereomicroscope  at  magnifications  of  6x  to  25  x,  aided  by  an  iodine  muscle  stain. 
Drawings  were  made  directly  from  the  specimens  with  the  aid  of  a camera  lucida  mi- 
croscope attachment. 

For  the  analysis  of  evolutionary  relationships,  morphocline  polarities  were  determined 
by  the  standard  methods  of  cladistic  analysis,  especially  by  out-group  comparisons  with 
other  groups  of  oscines.  These  methods  are  sufficiently  common  that  they  need  not  be 
explained  in  detail  here.  They  are  discussed  by  such  workers  as  Gaffney  (1979),  Hecht 
and  Edwards  (1977),  Kluge  (1976),  and  Ross  (1974),  and  in  other  papers  cited  therein. 

Muscles  of  the  Forelimb 

All  of  the  muscles  described  by  Raikow  (1977)  for  Loxops  virens  are 
also  present  in  the  species  of  Laniidae  examined.  The  musculature  of 
these  species  is  generally  uniform  throughout  the  family  and  in  most 
cases  does  not  differ  significantly  from  that  of  Loxops.  In  Pityriasis 
the  bellies  of  M.  deltoideus  major  cranialis  and  caudalis  are  fused  for 
most  of  their  length,  while  being  easily  separated  in  the  other  species. 
The  bellies  of  M.  pronator  profundus  and  M.  pronator  superficialis  are 
also  more  closely  associated  in  Pityriasis  than  in  the  other  species. 
The  ventral  head  of  origin  of  the  humerotriceps  in  Pityriasis  does  not 
arise  from  nearly  the  entire  inner  surface  of  the  pneumatic  fossa  as 
observed  in  the  other  species,  but  from  the  ventral  wall  of  the  fossa 
and  ventral  surface  of  the  head  of  the  humerus.  In  all  species  of  Lan- 
iidae only  one  pneumatic  fossa  was  observed. 
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LANIUS  COLLURIO  EUROCEPHALUS  RUEPPELLI 


Fig.  1. — Variation  in  M.  iliotibialis  lateralis.  Left,  primitive  condition  as  exemplified  by 
Lanius  collurio.  Right,  derived  state  with  reduction  of  the  caudal  margin  of  the  post- 
acetabular  part  of  the  muscle,  as  seen  in  Eurocephalus  rueppelli.  Abbreviations:  flex, 
crur.  lat.,  M.  flexor  cruris  lateralis;  flex.  crur.  med.,  M.  flexor  cruris  medialis;  il.  fib., 
M.  iliofibularis;  il.  tib.  cran.,  M.  iliotibialis  cranialis;  il.  tib.  lat.,  M.  iliotibialis  lateralis; 
isch.  fern.,  M.  ischiofemoralis. 


Muscles  of  the  Hind  Limb 

As  in  birds  generally,  the  musculature  of  the  hind  limb  in  shrikes  is 
much  more  diverse  than  that  of  the  forelimb.  All  of  the  muscles  re- 
ported for  Loxops  virens  (Raikow,  1976)  were  present  in  the  Laniidae, 
but  most  were  not  sufficiently  different  from  those  described  therein 
to  merit  redescription  here,  nor  do  they  require  comment  on  any  other 
basis.  The  following  muscles  did  show  variations  requiring  comment. 
These  variations  are  summarized  in  Tables  2,  3,  and  4. 

M.  iliotibialis  lateralis. — In  the  Prionopinae  (Fig.  1)  the  postacetab- 
ular  part  of  the  belly  is  reduced,  its  caudal  margin  lying  farther  cra- 
nially  than  in  the  other  forms,  and  thereby  failing  to  cover  the  under- 
lying origin  of  M.  iliofibularis  (Table  2).  The  fully  developed  condition 
(“normal”)  is  considered  to  be  the  primitive  state  because  it  occurs 
most  commonly  in  oscines,  and  because  tendencies  for  the  reduction 
of  this  muscle  in  one  way  or  another  occur  in  various  passerine  groups. 
The  reduction  is  less  extreme  in  Prionops  than  in  Eurocephalus,  and 
in  one  limb  of  one  specimen  of  P.  plumata  the  muscle  was  not  reduced 
at  all. 

M.  iliofemoralis  ext  emus. — This  small  hip  muscle  arises  from  the 
ilium  and  inserts  on  the  femur.  It  is  usually  absent  in  passerines,  but 
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Table  2. — Variations  in  four  hind  limb  muscles  of  Laniidae.  Characters  are  discussed 

in  the  text. 


Species 

M. 

iliotibialis 

lateralis 

M. 

obturatorius 
lateralis  pars 
dorsalis, 
insertion 

M. 

gastrocnemius 
pars  interna. 
Type 

M.  tibialis 
cranialis, 
Length  of 
belly 

Prionops  cristata 

Prionopinae 
reduced  proximal 

3 

long 

Prionops  plumata 

reduced 

proximal 

3 

long 

Eurocephalus  rueppelli 

reduced 

proximal 

3 

long 

Eurocephalus  anguitimens 

reduced 

proximal 

3 

long 

Nilaus  brubru 

Malaconotinae 
normal  distal 

1 

short 

Dryoscopus  sabini 

normal 

distal 

1 

short 

Dryoscopus  cubla 

normal 

distal 

1 

short 

Tchagra  senegala 

normal 

distal 

1 

short 

Laniarius  ferrugineus 

normal 

distal 

1 

short 

Telophorus  sulfureopectus 

normal 

distal 

1 

short 

Telophorus  zeylonus 

normal 

distal 

1 

short 

Telophorus  dohertyi 

normal 

distal 

1 

short 

Corvinella  corvina 

Laniinae 

normal 

distal 

1 

short 

Lanius  cristatus 

normal 

distal 

1 

short 

Lanius  collurio 

normal 

distal 

1 

short 

Lanius  vittatus 

normal 

distal 

1 

short 

Pityriasis  gymnocephala 

Pityriasinae 
normal  distal 

2 

long 

has  been  found  in  the  Ptilonorhynchidae  and  allies  (Borecky,  1977). 
This  muscle  may  also  appear  as  a developmental  anomaly  in  species 
that  normally  lack  it.  It  has  been  suggested  that  the  genetic  information 
involved  in  the  ontogenesis  of  this  muscle  was  retained  in  passerines 
after  the  muscle  itself  was  lost  (Raikow,  1975),  and  that  the  occurrence 
of  the  muscle  in  the  bowerbird  group  is  due  to  its  secondary  reestab- 
lishment (Raikow  et  al.,  1979).  Another  apparent  example  of  this  phe  - 
nomenon was  discovered  in  the  present  study.  Distinct,  well-devel- 
oped iliofemoralis  externus  muscles  were  found  bilaterally  in  one 
specimen  each  of  Telophorus  zeylonus  and  T.  dohertyi,  but  the  muscle 
was  bilaterally  absent  in  a specimen  of  T.  sulfur e op ectus  (Fig.  2),  and 
in  all  other  species  studied.  We  cannot  say  whether  these  occurrences 
are  typical  of  the  first  two  species,  or  whether  they  are  individual 
anomalies,  because  we  examined  only  one  specimen  of  each  species. 
The  occurrence  of  the  muscle  on  both  sides  of  the  body  in  two  species 
suggests,  however,  that  it  is  a fairly  common  occurrence.  Although 
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Fig.  2.— Deep  muscles  of  the  hip  in  two  species  of  Telophorus  showing  the  presence 
and  absence  of  M.  iliofemoralis  externus.  Abbreviations:  il.  fem.  ext.,  M.  iliofemoralis 
externus;  il.  troch.  caud.,  M.  iliotrochantericus  caudalis;  il.  troch.  cran.,  M.  iliotro- 
chantericus  cranialis. 


this  reappearance  is  a derived  character  state,  its  only  taxonomic  value 
in  the  present  study  is  to  suggest  that  the  two  species  sharing  it  are 
more  closely  related  to  each  other  than  to  T.  sulfureopectus. 

M.  obturatorius  lateralis.—  Pars  dorsalis  is  not  lost  in  any  species 
studied  herein,  as  it  is  in  some  passerines  (Raikow,  1978;  Bentz,  1979). 
In  the  Prionopinae  pars  dorsalis  inserts  more  prox  ini  ally  relative  to  the 
insertion  of  M.  obturatorius  medialis,  while  in  the  other  forms  it  inserts 
more  distally,  which  is  the  more  typical  and  probably  primitive  state 
(Table  2). 

M.  gastrocnemius . — Pars  interna  shows  a range  of  variation  similar 
to  trends  that  occur  in  other  passerine  groups  (Table  2).  Three  types 
are  recognized  (Raikow,  1978).  In  Type  1 pars  interna  has  both  a deep 
head  and  a superficial  head  at  the  origin,  and  the  superficial  head  in- 
cludes a patellar  band,  a strip  of  tissue  arising  from  the  patellar  liga- 
ment. Type  2 possesses  the  superficial  head  but  lacks  the  patellar  band, 
and  Type  3 lacks  the  superficial  head  as  well.  Type  1 is  primitive  in 
passerines,  Type  2 derived,  and  Type  3 further  derived.  This  deter- 
mination is  based  on  the  widespread  occurrence  of  Type  1 in  passer- 
ines, and  on  the  polarity  of  the  morphocline  in  other  groups,  including 
the  New  World  nine-primaried  oscines  (Raikow,  1978),  the  pioceid/ 
estrildid  complex  (Bentz,  1979),  and  various  other  families  (Borecky, 
1977).  In  the  Laniidae  this  morphocline  is  also  correlated  with  various 
other  polarities,  which  supports  the  conclusion  that  Type  1 is  primi- 
tive. In  Pityriasis  the  two  heads  are  non-overlapping,  an  unusual  con- 
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figuration  for  a Type  2 muscle.  The  Malaconotinae  and  Laniinae  are 
Type  1,  Pityriasis  is  Type  2,  and  the  Prionopinae  are  Type  3.  There 
was  an  exception  to  this,  however;  one  specimen  of  Eurocephalus 
rueppeli  was  Type  1.  This  could  be  due  to  a reversional  anomaly  (see 
Raikow  et  al.,  1979),  or  it  might  suggest  that  the  group  is  still  in  the 
process  of  losing  the  patellar  band  and  is  variable.  Dissection  of  a large 
series  would  be  necessary  to  answer  this  question.  In  any  event,  the 
bulk  of  the  data  indicate  that  the  reduction  of  the  gastrocnemius  pars 
interna  is  the  characteristic  state  in  the  Prionopinae.  This  variation  is 
illustrated  elsewhere  (Raikow,  1978:  Fig.  6). 

M.  tibialis  cranialis. — In  most  forms  the  belly  extends  from  Vi  to  2A 
the  length  of  the  shank.  In  the  Prionopinae  it  extends  nearly  the  entire 
length  of  the  shank,  the  muscular  portion  reaching  as  far  distally  as 
the  transverse  ligament.  The  same  is  true  in  Pityriasis,  except  that  the 
fibers  extend  slightly  beyond  the  transverse  ligament  (Table  2).  The 
enlarged  condition  is  considered  derived  by  correlation  with  other 
characters. 

M . peroneus  longus. — As  in  most  birds,  this  muscle  gives  rise  to  a 
tendon  of  insertion  that  bifurcates  near  the  distal  end  of  the  shank. 
The  short  branch  inserts  on  the  tibial  cartilage,  while  the  long  branch 
passes  across  the  intertarsal  joint  to  the  plantar  surface  of  the  tarsus, 
where  it  fuses  with  the  tendon  of  M.  flexor  perforatus  digiti  III.  In 
most  forms  studied  this  muscle  had  the  typical  condition  just  de- 
scribed. In  the  Prionopinae,  however,  the  long  tendon  is  reduced  in 
diameter  to  a fine  strand,  a derived  state  by  out-group  comparison. 
Also,  in  the  Prionopinae  and  in  Pityriasis  the  belly  extends  farther 
distally  than  in  the  other  forms,  extending  beyond  the  point  of  bifur- 
cation rather  than  ending  before  it  (Fig.  3;  Table  3). 

M.  peroneus  brevis. — In  a few  passerines  this  muscle  has  a tibial 
head  (Raikow,  1976,  1978),  but  in  the  Laniidae,  as  in  most  passerines 
so  far  examined,  that  structure  is  lacking. 

Mm.  flexor  perforatus  digiti  III  and  flexor  perforatus  digiti  IV. — - 
These  muscles  lie  side  by  side  in  the  shank,  having  a common  origin 
also  shared  with  the  adjacent  flexor  hallucis  longus.  In  most  oscines 
the  two  muscles  extend  for  about  the  same  distance  before  giving  rise 
to  their  tendons,  but  in  the  Laniidae  their  relative  positions  are  shifted 
so  that  the  flexor  perforatus  digiti  IV  arises  somewhat  more  distally 
and  thus  extends  farther  distally  than  does  the  flexor  perforatus  digiti 
III  (Fig.  4).  This  is  listed  in  Table  3,  where  the  length  of  the  fleshy 
portion  of  the  flexor  perforatus  digiti  III  is  given  as  a decimal  fraction 
of  the  length  of  the  fleshy  part  of  the  flexor  perforatus  digiti  IV,  both 
measured  from  their  common  origin.  Because  this  condition  is  atypical 
for  passerines  it  is  considered  to  be  a derived  state. 
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Fig.  3. — Variation  in  the  distal  end  of  M.  peroneus  longus.  Lanius  exemplifies  the 
primitive  condition,  while  Prionops  illustrates  two  derived  states,  the  extension  of  the 
fleshy  belly  beyond  the  bifurcation  of  the  tendon,  and  the  reduction  in  diameter  of  the 
long  branch  of  the  tendon. 


M.  flexor  hallucis  longus  (FHL). — This  large  muscle  is  the  main 
flexor  of  the  hallux.  In  oscines  it  typically  arises  by  three  heads:  the 
lateral  head  passes  lateral  to  the  iliofibularis  tendon;  the  intermediate 
head  passes  medial  to  the  iliofibularis  tendon;  and  the  medial  head 
lies  medial  to  the  intermediate  head.  In  some  birds  the  latter  two  heads 
are  partially  fused  together,  but  in  most  cases  they  are  easily  separable. 
Berger  (1968;  also  in  George  and  Berger,  1966)  first  pointed  out  this 
tripartite  origin,  and  we  have  verified  it  extensively  in  other  studies 
(Raikow,  1976,  1978;  Bentz,  1979;  Borecky,  1977).  This  condition  also 
occurs  among  the  Laniidae,  but  in  addition  some  variations  were  found 
(Table  3)  that  by  outgroup  comparison  are  clearly  derived  states. 
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FLEX.  PERF.  DIG.  IZ 


HYLOCICHLA  MUSTELINA 

Fig.  4. — Variation  in  the  relative  position  of  two  flexor  muscles.  The  condition  char- 
acteristic of  most  laniids  is  exemplified  by  Lanius,  while  Hylocichla  illustrates  the  usual 
oscine  arrangement.  Abbreviations:  flex.  perf.  dig.  Ill,  M.  flexor  perforatus  digiti  III; 
flex.  perf.  dig.  IV,  M.  flexor  perforatus  digiti  IV. 

Table  3. — Variations  in  four  hindlimb  muscles  of  the  Laniidae.  Characters  are  discussed 

in  the  text. 


Species 

M.  peroneus longus 

Ratio 
of  FPD3/ 
FPD4 

M.  flexor  hallucis  longus: 

Tendon 

Belly 

Intermediate 

head 

Lateral 

head 

Lengths 

Prionopinae 

Prionops  cristata 

reduced 

long 

0.8 

normal 

normal 

Prionops  plumata 

reduced 

long 

0.8 

normal 

normal 

Eurocephalus  rueppelli 

reduced 

long 

normal 

normal 

Eurocephalus  anguitimens 

reduced 

long 

0.7 

reduced 

normal 

Malaconotinae 

Nilaus  brubru 

normal 

short 

0.7 

normal 

normal 

Dryoscopus  sabini 

normal 

short 

0.8 

normal 

normal 

Dryoscopus  cubla 

normal 

short 

0.7 

normal 

normal 

Tchagra  senegala 

normal 

short 

0.9 

normal 

normal 

Laniarius  ferrugineus 

normal 

short 

0.7 

normal 

normal 

Telophorus  sulfureopectus 

normal 

short 

0.8 

normal 

normal 

Telophorus  zeylonus 

normal 

short 

0.8 

normal 

normal 

Telophorus  dohertyi 

normal 

short 

0.8 

normal 

normal 

Laniinae 

Corvinella  corvina 

normal 

short 

0.8 

reduced 

enlarged 

Lanius  cristatus 

normal 

short 

0.8 

absent 

enlarged 

Lanius  collurio 

normal 

short 

0.8 

absent 

enlarged 

Lanius  vittatus 

normal 

short 

0.8 

absent 

enlarged 

Pityriasinae 

Pityriasis  gymnocephala 

normal 

long 

0.9 

normal 

normal 
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The  normal  oscine  condition  is  typified  by  Laniarius  (Fig.  5).  Here 
the  lateral  head  is  very  small,  arising  by  a long  narrow  tendon  from 
the  femur  and  a branch  from  the  fibula,  the  common  tendon  of  origin 
passing  lateral  to  the  iliofibularis  tendon,  and  then  giving  rise  to  the 
small  fleshy  belly  that  fuses  with  the  large  intermediate  head,  which 
passes  medial  to  the  iliofibularis  tendon.  In  Corvinella  (both  C.  corvina 
and  C.  melanoleuca ) the  intermediate  head  is  greatly  reduced  in  size 
and  fleshiness,  its  proximal  portion  being  represented  by  a narrow 
tendon.  The  lateral  head,  however,  is  enlarged.  Its  fleshy  portion  is 
more  massive,  and  arises  more  proximally,  while  its  tendon  of  origin 
is  shorter  but  wider,  more  so  in  melanoleuca  than  in  corvina.  This 
trend  is  continued  further  in  Lanius,  where  the  intermediate  head  has 
been  lost  completely,  while  the  lateral  head  is  still  larger. 

The  probable  explanation  for  this  trend  is  that  in  Corvinella  and 
Lanius  the  flexor  digitorum  longus  (FDL)  has  developed  a new  femoral 
head  that  lies  between  the  intermediate  and  medial  heads  of  the  FHL. 
It  may  be  that  a crowding  thereby  results  in  this  region,  and  that  the 
reduction  and  loss  of  the  intermediate  head  provides  space  for  the  new 
structure.  The  progressive  enlargement  of  the  lateral  head  of  the  FHL 
compensates  for  this  loss  so  that  this  muscle  does  not  suffer  a reduc- 
tion in  strength.  This  is  possible  because  the  two  heads  are  functionally 
equivalent,  both  contributing  (along  with  the  medial  head)  to  the  move- 
ment of  their  common  tendon  of  insertion  in  bringing  about  flexion  of 
the  hallux. 

A somewhat  comparable  situation  has  also  evolved  in  the  Priono- 
pinae.  Prionops  lacks  the  femoral  head  of  the  FDL,  and  has  a normal 
tripartite  FHL.  Eurocephalus,  however,  possesses  a femoral  head  of 
FDL,  and  its  FHL  intermediate  head  is  somewhat  reduced.  In  one 
specimen  of  E.  rueppelli  the  intermediate  head  was  completely  absent. 
There  is  little  compensatory  increase  in  the  lateral  head,  however, 
such  as  occurs  in  the  Laniinae. 

M.  flexor  digitorum  longus. — In  most  birds  this  muscle  arises  by 
two  heads,  one  from  the  fibula  and  one  from  the  tibiotarsus,  but  in 
some  cases  there  is  a third  head  arising  across  the  back  of  the  knee 
joint  from  the  femur  (Table  4).  Such  a femoral  head  (Fig.  5)  occurs  in 
Lanius,  Corvinella,  and  Eurocephalus  among  the  forms  examined  in 
the  present  study.  The  presence  of  a femoral  head  is  considered  a 
derived  state,  its  absence  primitive.  This  is  based  mainly  on  its  pattern 
of  distribution  among  birds.  It  is  absent  in  most  nonpasserine  and 
passerine  birds  (George  and  Berger,  1966:450;  Hudson,  1937:47;  Rai- 
kow, 1978;  Bentz,  1979;  Borecky,  1977).  Furthermore,  ingroups  where 
it  occurs  it  often  appears  only  in  an  occasional  form,  for  example,  one 
thraupid  and  one  sturnid  out  of  many  (Raikow,  1978;  Borecky,  1977). 

There  is  also  variation  in  the  insertion  pattern  of  the  three  branches 
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Fig.  5. — Deep  muscles  of  the  lateral  side  of  the  shank,  showing  variations  in  M.  flexor 
hallucis  longus.  The  primitive  state  is  exemplified  by  Laniarius,  while  Corvinella  and 
Lanius  show  progressive  stages  in  the  reduction  and  loss  of  the  intermediate  head,  and 
a correlated  enlargement  of  the  lateral  head.  Abbreviations:  FDL,  fern,  hd.,  M.  flexor 
digitorum  longus  femoral  head;  FDL.  fib.  hd.,  M.  flexor  digitorum  longus  fibular  head; 
FHL  int.  hd.,  M.  flexor  hallucis  longus  intermediate  head;  FHL.  lat.  hd.,  M.  flexor 
hallucis  longus  lateral  head;  FHL.  med.  hd.,  M.  flexor  hallucis  longus  medial  head;  il. 
fib.,  tendon  of  insertion  of  M.  iliofibularis. 
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Table  4. — Variations  in  three  hindlimb  muscles  of  the  Laniidae.  + = structure  present, 
— = structure  absent.  Decimal  values  indicate  length  of  fleshy  belly  relative  to  length 
of  tarsus.  Other  characteristics  are  discussed  in  the  text. 


Species 

M.  flexor  digitorum  longus 

M.  extensor 
hallucis 
longus 

M.  flexor 
hallucis 
brevis 

Femoral  head 

Insertion 

Prionopinae 

Prionops  cristata 

- 

AAB 

0.8 

0.5 

Prionops  plumata 

- 

AAA 

0.8 

0.5 

Eurocephalus  ruepelli 

+ 

AAA 

0.8 

0.5 

Eurocephalus  anguitimens 

+ 

AAA 

0.9 

0.5 

Malaconotinae 

Nilaus  brubru 

- 

ABB 

0.5 

0.2 

Dryoscopus  sabini 

- 

ABB 

0.5 

0.2 

Dryoscopus  cubla 

- 

ABB 

0.5 

0.3 

Tchagra  senegala 

- 

ABB 

0.8 

0.3 

Laniarius  ferrugineus 

- 

ABB 

0.7 

0.3 

Telophorus  sulfureopectus 

- 

ABB 

0.7 

0.3 

Telophorus  zeylonus 

- 

ABB 

0.5 

0.1 

Telophorus  dohertyi 

- 

0.5 

0.2 

Laniinae 

Corvinella  corvina 

+ 

AAA 

0.8 

0.2 

Lanius  cristatus 

+ 

AAA 

0.5 

0.1 

Lanius  collurio 

+ 

AAB 

0.5 

Lanius  vittatus 

+ 

AAA 

0.5 

0.1 

Pityriasinae 

Pityriasis  gymnocephala 

- 

AAB 

1.0 

0.7 

of  the  tendon  of  this  muscle,  which  insert  on  the  plantar  surfaces  of 
digits  II,  III,  and  IV.  The  variation  is  in  the  number  of  accessory 
vincula,  and  is  described  by  a code  that  is  illustrated  elsewhere  (Rai- 
kow, 1978:  Fig.  8).  On  the  basis  of  outgroup  comparison,  it  appears 
that  condition  ABB,  which  shows  the  largest  number  of  vincula,  is 
primitive.  AAB  is  derived  by  the  loss  of  one  vinculum,  and  AAA  is 
further  derived  by  the  loss  of  an  additional  vinculum  (Table  4). 

M.  extensor  hallucis  longus. — This  small  intrinsic  muscle  of  the  foot 
extends  the  hallux  in  an  action  antagonistic  to  that  of  Mm.  flexor  hal- 
lucis longus  and  flexor  hallucis  brevis.  Its  size  is  generally  correlated 
with  that  of  M.  flexor  hallucis  brevis,  that  is,  in  birds  where  the  latter 
muscle  is  enlarged,  this  one  generally  is  also.  Variation  in  the  size  of 
this  muscle  occurs  in  the  Laniidae  (Table  4,  Fig.  6).  In  the  Malacon- 
otinae  and  Laniinae  the  muscle  is  of  a size  typical  for  passerines;  this 
will,  therefore,  be  considered  a primitive  state,  while  the  increased 
size  seen  in  the  Pityriasinae  and  Prionopinae  is  considered  derived. 
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EXT.  HAL.  LONG. 


TARSOMETATARSUS 


FLEX.  HAL.  BREV. 


LANIUS  CRISTATUS 


Fig.  6. — Variation  in  the  development  of  two  intrinsic  muscles  of  the  foot  that  move  the 
hallux,  Mm.  extensor  hallucis  longus  (ext.  hal.  long.)  and  flexor  hallucis  brevis  (flex, 
hal.  brev.).  The  relatively  small  size  of  these  muscles  as  shown  in  Lanius  is  the  primitive 
state,  while  Prionops  and  Pityriasis  show  progressive  degrees  of  enlargement. 


The  reasoning  behind  this  decision  is  similar  to  that  given  for  M.  flexor 
hallucis  brevis. 

M.  flexor  hallucis  brevis. — This  is  one  of  the  intrinsic  muscles  of  the 
foot.  It  arises  from  the  tarsometatarsus  and  in  many  birds,  including 
passerines,  ensheathes  the  tendon  of  M.  flexor  hallucis  longus  at  the 
base  of  the  first  phalanx  (George  and  Berger,  1966).  This  muscle  flexes 
the  hallux,  augmenting  the  action  of  the  much  larger  flexor  hallucis 
longus.  In  most  passerines  this  muscle  is  quite  small  (Raikow,  1978; 
Bentz,  1979;  Borecky,  1977)  and  sometimes  apparently  absent.  It  ap- 
pears likely  that  in  many  passerines,  which  are  birds  of  relatively  small 
size,  both  muscles  are  not  needed  for  flexion  of  the  hallux,  and  the 
small  flexor  tends  toward  reduction  and  loss.  However,  in  some  pas- 
serines this  muscle  becomes  quite  large.  This  is  moderately  true  in  the 
Vireonidae  (Raikow,  1978)  and  more  so  in  the  Paradisaeidae  and  Ptil- 
onorhynchidae  as  well  as  in  Buphagus  alone  among  the  Sturnidae 
(Borecky,  1977).  Change  in  size  is  probably  an  easily  reversible  evo- 
lutionary event,  so  caution  should  be  used  in  postulating  polarities 
with  this  character.  However,  it  appears  reasonable  to  suggest  that 
extremely  large  size  of  this  muscle  is  a derived  state  in  passerine  birds. 
One  reason  for  this  is  that  the  muscle  is  small  in  the  majority  of  pas- 
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serines.  A second  reason  is  that  in  many  cases  enlargement  of  this 
muscle  is  correlated  (often  with  additional  muscular  specializations) 
with  behavioral  characteristics  involving  a strong  grip.  Among  the 
Laniidae  this  muscle  shows  considerable  enlargement  in  the  Priono- 
pinae,  and  even  greater  hypertrophy  in  Pityriasis  (Fig.  6;  Table  4). 

Discussion 

A cladogram  representing  a phylogenetic  hypothesis  is  shown  in  Fig. 
7.  In  the  following  discussion  numbers  in  parentheses  refer  to  the 
circled  numbers  in  that  figure;  the  dashed  lines  in  the  figure  indicate 
uncertain  relationships  as  discussed  below.  We  must  first  ask  whether 
the  family  Laniidae  as  defined  by  Rand  (1960)  is  monophyletic.  This 
hypothesis  requires  that  the  members  of  the  family  share  at  least  one 
uniquely  derived  character  state  (synapomorphy)  not  found  in  other 
groups.  This  hypothesis  is  potentially  capable  of  corroboration  by  the 
demonstration  that  such  synapomorphies  exist.  It  could  be  refuted  by 
failing  to  discover  such  synapomorphies  despite  an  earnest  search  for 
them,  or  by  showing  that  at  least  one  subgroup  of  the  Laniidae  is  more 
closely  related  genealogically  to  some  taxon  outside  the  Laniidae  than 
to  the  other  taxa  within  the  family.  The  problem  is  rendered  difficult 
because  it  is  unclear  why  Rand  (1960)  constructed  the  family  as  he 
did.  As  already  noted,  the  family  now  consists  basically  of  Sharpe’s 
(1877)  Prionopidae  and  Gadow’s  (1883)  Laniidae,  after  the  removal  of 
various  genera  by  subsequent  workers.  In  essence,  Rand’s  Laniidae 
consists  of  those  hook-billed  oscines  not  included  in  other  families. 

A classification  may  be  regarded  as  a hypothesis  of  relationships. 
To  our  knowledge,  Rand  did  not  publish  an  explanation  of  the  basis 
for  his  classification.  This  makes  it  difficult  to  test  the  hypothesis  be- 
cause we  do  not  know  how  it  was  developed.  Nevertheless,  we  will 
attempt  to  reconstruct  Rand’s  hypothesis  on  the  basis  of  what  we 
preceive  to  be  the  concept  of  the  Laniidae  predominant  among  orni- 
thologists today.  This  is  that  the  Laniidae  is  a monophyletic  group  of 
oscines  characterized  by  a hooked  bill,  a habit  of  feeding  on  relatively 
large  animal  prey,  often  using  the  feet  to  hold  the  prey,  and  resulting 
from  an  adaptive  radiation  centered  in  Africa,  with  one  genus  ( Lanius ) 
having  spread  throughout  the  Holarctic  region,  and  another,  perhaps 
relict  Bornean  form  ( Pityriasis ),  included  with  uncertainty. 

In  Fig.  7,  point  (1)  represents  the  traditional  characteristics  of  the 
family  as  just  defined.  A hooked  (and  sometimes  also  toothed)  bill  is 
not  uncommon  in  passerines.  It  occurs  in  various  groups  and,  being 
structurally  simple,  could  easily  have  originated  independently  several 
times.  Convergence  in  such  characters  is  widely  recognized  in  birds, 
and  bill  shape  is  no  longer  considered  convincing  evidence  of  relation- 
ship. If  the  specific  form  of  the  bill  were  very  similar  in  the  different 
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Fig.  7. — A cladogram  representing  a hypothesis  of  phylogenetic  relationships  in  the 
Laniidae.  Dashed  lines  indicate  portions  of  the  phylogenetic  hypothesis  that  are  consid- 
ered to  be  only  weakly  corroborated.  Numbers  refer  to  synapomorphies  as  follow:  1. 
Hooked  bill  and  related  predatory  habits;  2.  M.  flexor  perforatus  digiti  III  reduced;  3. 
Back  feathers  fluffy;  4.  Loss  of  a flexor  digitorum  longus  vinculum  giving  AAB  insertion 
pattern;  5.  Flexor  digitorum  longus  femoral  head  added;  6.  Flexor  hallucis  longus  in- 
termediate head  reduced;  7.  Flexor  hallucis  longus  lateral  head  enlarged;  8.  Tail  elon- 
gated; 9.  Flexor  hallucis  longus  intermediate  head  lost;  10.  Flexor  hallucis  longus  lateral 
head  further  enlarged;  11.  Peroneus  longus  elongated;  12.  Tibialis  cranialis  elongated; 
13.  Flexor  hallucis  brevis  enlarged;  14.  Extensor  hallucis  longus  enlarged;  15.  Gas- 
trocnemius patellar  band  lost  (Type  2);  16.  Flexor  hallucis  brevis  further  enlarged;  17. 
Extensor  hallucis  longus  further  enlarged;  18.  Head  ornamentation;  19.  Bellies  of  del- 
toideus  major  fused;  20.  Gastrocnemius  pars  interna  superficial  head  lost  (Type  3);  21. 
Peroneus  longus  long  tendon  reduced;  22.  Obturatorius  lateralis  pars  dorsalis  insertion 
proximal;  23.  Loss  of  additional  flexor  digitorum  longus  vinculum  giving  AAA  pattern; 
24.  Iliotibialis  lateralis  caudal  margin  reduced;  25.  Flexor  digitorum  longus  femoral  head 
added;  26.  Eye  wattles. 
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shrike  groups  one  might  argue  for  monophyly,  but  the  size  and  shape 
of  the  bill,  and  the  presence  of  notches  or  “teeth”  vary  among  mem- 
bers of  the  Laniidae.  Because  this  characteristic  is  simple  and  easily 
subject  to  convergence,  we  cannot  determine  whether  it  arose  once  or 
more  than  once  in  the  history  of  the  Laniidae.  For  this  reason  bill 
shape  will  not  refute  a hypothesis  of  monophyly,  but  we  do  not  con- 
sider that  it  offers  convincing  corroboration  either.  Thus,  the  main 
character  on  which  the  family  is  generally  recognized  must  be  consid- 
ered equivocal  at  best. 

In  the  present  study  only  one  myological  trait  was  found  to  unite  the 
Laniidae.  The  reduction  of  the  flexor  perforatus  digiti  III  (2)  is  of 
general  occurrence,  but  it  is  a simple  structural  character.  We  consider 
that  at  best  it  offers  only  weak  and  uncertain  corroboration  for  the 
hypothesis  that  the  family  Laniidae  is  monophyletic. 

The  possibility  that  one  subgroup  of  the  Laniidae  might  be  closely 
related  to  an  outside  group  has  been  suggested.  Mayr  (1943)  thought 
that  Pityriasis  might  be  an  aberrant  member  of  the  Sturnidae.  A com- 
parison of  the  limb  muscles  of  Pityriasis  with  those  of  the  starlings 
(Borecky,  1977)  does  not  support  this  view.  Several  authors  have  sug- 
gested a connection  between  the  shrikes  and  the  Corvidae;  Sibley 
(1970)  reviewed  these  ideas.  Some  characters,  such  as  the  pneumatic 
fossa  of  the  humerus,  and  the  sperm  morphology,  are  probably  plesio- 
morphous  for  passerines  and  hence  of  little  value  as  indicators  of  re- 
lationship. In  other  cases  only  some  of  the  four  laniid  subfamilies  were 
considered.  For  example,  Sibley  (1970)  found  similarities  between  the 
electrophoretic  patterns  of  the  egg-white  proteins  of  some  Laniinae 
and  Malaconotinae  with  those  of  the  Corvidae.  However,  he  had  no 
data  on  the  Prionopinae,  so  the  comparison  is  meaningless  with  respect 
to  the  immediate  question.  A comparison  of  the  limb  muscles  with 
those  of  the  Corvidae  (Borecky,  1977)  shows  some  similarities,  but  the 
specializations  characteristic  of  the  Laniidae  are  lacking  in  the  Cor- 
vidae. The  Laniidae  as  a group  may  be  close  to  the  Corvidae,  but  there 
is  no  evidence  that  any  one  subfamily  of  the  Laniidae  is  closer  to  the 
Corvidae  than  it  is  to  the  other  laniid  subfamilies.  In  general,  we  find 
no  convincing  evidence  that  any  one  laniid  subfamily  is  more  closely 
related  to  an  outside  group  than  to  its  confamilial  taxa.  Hence,  the 
hypothesis  of  laniid  monophyly  is  not  refuted  on  this  basis. 

On  the  basis  of  the  above  discussion,  we  conclude  that  there  is  no 
compelling  evidence  to  refute  the  hypothesis  that  the  family  Laniidae 
of  Rand  (1960)  is  monophyletic.  On  the  other  hand,  the  evidence  cor- 
roborating this  hypothesis  is  weak  and  circumstantial.  In  the  absence 
of  strong  refutation  we  recommend  retention  of  the  family  as  defined 
by  Rand,  with  the  recognition  that  future  studies  may  well  permit  a 
reassessment  of  this  position. 
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The  Malaconotinae  are  the  most  primitive  group  of  shrikes  in  their 
limb  musculature,  lacking  various  specializations  that  are  found  in  the 
other  subfamilies,  as  discussed  below.  In  this  group  the  feathers  of  the 
back  are  soft  and  fluffy  (3),  an  apparent  derived  state  within  this  as- 
semblage, though  not  otherwise  unknown  among  oscines.  This  char- 
acteristic reaches  its  extreme  in  the  “puff-backs”  of  the  genus  Dry  os- 
copus. 

The  genus  Nilaus  differs  from  the  others  in  its  more  fully  scutellate 
tarsus;  the  other  genera  show  more  fusion  of  tarsal  scutes.  The  reduc- 
tion of  scutellation  through  fusion  is  probably  a derived  trait,  since  the 
formation  of  separate  horny  scales  is  functionally  associated  with  pro- 
vision for  mobility  or  bending  of  the  skin,  a factor  of  no  consequence 
in  the  tarsus.  Thus  Nilaus  appears  to  be  a very  primitive  shrike.  This 
is  worth  noting  because  Mayr  (1943)  was  impressed  by  the  similarity 
of  its  plumage  with  that  of  the  muscicapid  Batis.  Mayr  went  so  far  as 
to  consider  Nilaus  a “shrike-billed  flycatcher,”  and  suggested  that  it 
be  transferred  to  the  Muscicapidae.  It  is  possible  that  the  Laniidae 
arose  from  the  less  specialized  Muscicapidae,  with  Nilaus  representing 
an  intermediate  form.  The  limb  musculature  unequivocally  refutes  the 
association  of  Nilaus  with  the  Prionopidae  as  suggested  by  Sclater 
(1930). 

The  Malaconotinae  have  the  primitive  ABB  pattern  of  insertion  of 
the  flexor  digitorum  longus.  All  other  shrikes  have  lost  at  least  one  of 
the  vincula  of  this  muscle  giving  the  AAB  pattern  (4)  or  an  even  more 
derived  condition.  Beyond  this  point  the  remaining  groups  separate  as 
two  lineages,  one  leading  to  the  Laniinae  and  the  other  to  the  Pity- 
riasinae  and  Prionopinae.  Each  group  shows  distinct  trends  in  the  evo- 
lution of  the  hind  limb  muscles.  In  some  cases  the  functional  or  adap- 
tive significance  of  the  changes  is  not  readily  apparent,  but  in  each 
lineage  some  of  the  changes  are  clearly  associated  with  increasing  the 
strength  of  the  foot,  especially  the  strength  of  the  grip.  This  is  un- 
doubtedly related  to  the  frequent  use  of  the  foot  for  holding  prey. 

The  Laniinae  have  a femoral  head  (5)  to  the  flexor  digitorum  longus 
(FDL),  in  addition  to  the  usual  fibular  and  tibiotarsal  heads,  as  de- 
scribed earlier.  As  this  is  a multijoint  muscle,  operating  across  the 
knee,  the  intertarsal  (“heel”)  joint,  and  the  several  joints  of  digits  II, 
III,  and  IV,  a precise  inference  as  to  the  functional  modifications  re- 
sulting from  the  addition  of  the  femoral  head  is  impossible.  However, 
it  seems  probable  that  the  muscle’s  primary  focus  of  action  is  in  its 
unique  capability  to  flex  the  three  forward  toes  simultaneously.  The 
addition  of  the  femoral  head  adds  a new  mass  of  fibers  to  the  muscle, 
which  complements  the  preexisting  portion  in  exerting  tension  on  its 
tendon  of  insertion.  In  other  words,  it  appears  that  the  major  effect  of 
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the  addition  of  the  femoral  head  is  to  increase  the  strength  of  flexion 
of  the  three  forward  toes. 

As  previously  described,  the  flexor  hallucis  longus  (FHL)  arises  by 
three  heads  in  most  oscines.  The  intermediate  head  is  reduced  in  Cor- 
vinella  (6),  however,  and  lost  completely  in  Lanius  (9).  As  noted 
above,  this  makes  space  available  for  the  newly  added  femoral  head 
of  FDL.  The  lateral  head  of  FHL  is  enlarged  in  Corvinella  (7),  and 
further  enlarged  in  Lanius  (10)  to  compensate  for  the  reduction  and 
loss  of  the  intermediate  head.  These  evolutionary  changes  in  the  flexor 
of  the  forward  three  toes  (FDL)  and  its  antagonist  the  hallux  (FHL) 
constitute  an  adaptation  for  increasing  the  strength  of  the  grip  in  the 
Laniinae.  Corvinella  is  less  advanced  in  these  trends  than  is  Lanius. 
Because  both  species  of  Corvinella  show  these  traits,  the  inclusion  of 
melanoleuca  in  this  genus  instead  of  its  previous  separation  in  the 
genus  Urolestes  is  supported.  The  elongated  tail  of  Corvinella  (8)  is 
an  autapomorphic  feature  of  this  genus. 

The  lineage  including  the  Pityriasinae  and  Prionopinae  also  shows 
myological  adaptations  for  increased  foot  strength,  but  mainly  of  a 
different  sort  than  in  the  Laniinae.  The  peroneus  longus  (11)  and  ti- 
bialis cranialis  (12)  are  enlarged  compared  to  the  Malaconotinae  and 
Laniinae.  These  muscles  are  principal  extensors  and  flexors,  respec- 
tively of  the  foot  as  a whole,  operating  on  the  tarsometatarsus.  En- 
largement also  occurs  in  the  flexor  hallucis  brevis  (13)  and  extensor 
hallucis  longus  (14),  which  flex  and  extend  the  hallux.  In  this  group 
also,  the  patellar  band  of  the  gastrocnemius  is  lost  (15).  Enlargement 
of  the  hallucal  muscles  reaches  an  extreme  in  Pityriasis  (16,  17). 

Pityriasis  has  peculiar  head  ornamentation  (18),  as  described  above. 
Comparable  specializations  are  also  found  in  the  Prionopinae,  in  the 
form  of  eye  wattles  (26)  and  sometimes  crests.  Mayr  and  Amadon 
(1951)  suggested  hesitantly  that  such  head  ornamentation  might  link 
Pityriasis  with  the  Prionopinae,  but  it  is  difficult  to  suggest  any  sort 
of  homology  between  vague  ‘Tendencies”  when  the  actual  structures 
are  quite  different.  For  this  reason  we  have  considered  the  specializa- 
tions in  the  two  groups  to  be  autapomorphic  (18,  26)  rather  than  sug- 
gesting that  a tendency  for  head  ornamentation  is  a synapomorphy 
linking  Pityriasis  with  the  helmet  shrikes.  Pityriasis  has  some  fusion 
of  the  two  parts  of  the  deltoideus  major  (19). 

Eurocephalus  and  Prionops  are  undoubtedly  each  other’s  closest 
relatives.  They  are  linked  by  a number  of  derived  states  in  the  limb 
musculature  (20-24).  Eurocephalus  has  one  important  autapomorphy 
in  the  presence  of  a femoral  head  to  the  flexor  digitorum  longus  (25), 
which  also  occurs  in  the  Laniinae  (5).  This  is  the  only  important  char- 
acter conflict  in  the  present  study.  This  structure  must  have  arisen 
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independently  in  the  two  groups  because  of  the  many  other  characters 
(Fig.  7)  supporting  the  proposed  phylogeny.  The  development  of  eye 
wattles  is  autapomorphic  for  Prionops  (26). 

Conclusions 

1.  The  family  Laniidae  (Rand,  1960)  is  a poorly-defined  assemblage 
of  hook-billed  oscines  mainly  centered  in  Africa,  but  with  one  genus 
( Lanins ) distributed  through  Eurasia  and  North  America,  and  another 
( Pityriasis ) in  Borneo.  The  present  study  of  limb  myology  and  a review 
of  other  characters  was  undertaken  to  clarify  phylogenetic  relation- 
ships within  the  group,  including  the  question  of  whether  it  is  mono- 
phyletic  as  implied  by  Rand’s  classification. 

2.  No  evidence  was  found  to  refute  the  hypothesis  of  monophyly, 
but  only  weak  and  uncertain  corroborating  evidence  was  obtained.  For 
the  present  it  is,  therefore,  concluded  that  the  practical  course  is  to 
retain  the  family  as  a taxonomic  unit,  with  the  recognition  that  it  is 
still  not  rigorously  demonstrated  to  be  a clade. 

3.  The  subfamily  Malaconotinae  (bush-shrikes)  is  relatively  uniform 
in  its  limb  muscles,  which  are  generally  primitive  and  of  typical  oscine 
form. 

4.  The  members  of  the  subfamily  Laniinae  (true  shrikes)  have  an 
unusual  configuration  of  certain  hind  limb  muscles,  including  the  pres- 
ence of  a femoral  head  of  the  flexor  digitorum  longus.  The  intermediate 
head  of  the  flexor  hallucis  longus  is  reduced  in  Corvinella  and  lost  in 
Lanius,  while  the  lateral  head  is  enlarged  in  the  former  genus  and 
further  enlarged  in  the  latter.  These  modifications  are  believed  to  in- 
crease the  strength  of  the  grip  of  the  foot,  with  Lanius  being  more 
advanced  than  Corvinella. 

5.  The  members  of  the  subfamily  Prionopinae  (helmet-strikes), 
Prionops  and  Eurocephalus,  are  confirmed  as  being  each  other’s  clos- 
est relatives  by  the  shared  possession  of  several  derived  states  in  the 
pelvic  musculature. 

6.  The  enigmatic  Bornean  Bristlehead  ( Pityriasis  gymnocephala ), 
sole  member  of  the  subfamily  Pityriasinae,  has  been  placed  by  pre- 
vious workers  in  several  different  families.  The  limb  musculature 
strongly  supports  its  inclusion  in  the  Laniidae,  and  indicates  that  it  is 
the  primitive  sister  taxon  of  the  Prionopinae. 

7.  A cladogram  representing  the  preferred  hypothesis  of  phyloge- 
netic relationships  is  presented  (Fig.  7). 
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Abstract 

The  2 n = 34  somatic  complement  of  Helonias  bullata  L.,  based  on  a single  report 
dating  to  1930,  is  confirmed  and  the  detailed  karyotype  of  this  species  established.  A 
decreasing  size  gradient  from  the  longest  (5.0  p)  to  the  shortest  (2.0  p)  pair  within  the 
complement  is  gradual  with  the  shorter  pairs  tending  to  be  submetacentric.  Subtelocen- 
tric  chromosomes  dominate  the  karyotype — pairs  1-9  are  subtelocentric  with  pairs  1, 
2,  and  7 further  differentiated  in  having  secondary  constrictions  (NOR)  on  their  long 
arms.  Pairs  12-16  and  10  are  submetacentric,  whereas  pair  17,  the  smallest,  is  meta- 
centric. 

Similarities  in  the  karyotype  of  the  American  Helonias  bullata  are  discussed  in  re- 
lationship to  the  Asian  Heloniopsis  orientalis  (Thunb.)  C.  Tanaka.  Besides  sharing  a 
common  base  number  (x  = 17),  there  is  an  almost  identical  pattern  in  the  size,  secondary 
constrictions  and  centromere  distribution. 

Introduction 

The  known  karyology  of  the  eastern  North  American  monotypic 
endemic,  Helonias  bullata  L.  (“Swamp  Pink”),  is  limited  to  a single 
numerical  report— 2n  = 34  (Miller,  1930) — with  no  comment  on  either 
chromosome  size  or  morphology.  Furthermore,  Fedorov’s  Chromo- 
some Atlas  (1969)  incorrectly  lists  this  report  as  2 n = 30. 


1 This  research  and  publication  were  supported  by  the  M.  Graham  Netting  Research 
Fund  through  a grant  from  the  Cordelia  Scaife  May  Charitable  Trust. 
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Fig.  1. — Photomicrographs  of  two  colchicine  pretreated  metaphase  cells  of  Helonias 
bullata  L.  collected  in  the  Pink  Beds,  Transylvania  County,  North  Carolina  ( Utech  79- 
150  CM).  2 n = 34.  Scale  indicated. 


The  present  report,  besides  confirming  the  2 n = 34  count  and  de- 
tailing the  somatic  karyotype  of  Helonias  bullata,  proceeds  to  com- 
pare the  complement  of  the  American  species  to  that  known  for  the 
Asian  vicariad,  Heloniopsis  orientalls  (Thunb.)  C.  Tanaka. 

Materials  and  Methods 

Although  Helonias  bullata  is  local  and  scattered  throughout  eastern  North  America 
(Johnson,  1969;  Utech,  1978a),  the  sampled  population  (North  Carolina:  Transylvania 
Co.,  Pisgah  National  Forest,  Pink  Beds,  8 May  1979,  Utech  79-150  CM)  was  extensive. 
Actively  growing  root  tips  were  excised  in  the  field  from  the  massive  rhizomes.  After 
quickly  washing  the  root  tips,  they  were  pretreated  for  4 hr  in  0.2%  colchicine,  fixed  in 
3:1  (absolute  ethanol:  glacial  acetic  acid)  for  3 min  and  bulk  stained  in  45%  acetic-orcein. 
A 30  sec  hydrolysis  in  a 1:1  (45%  acetic-orcein:  1 N HC1)  mixture  was  followed  by 
squashing  in  a 9:1  (glycerin:  45%  acetic  acid)  mixture.  Photographs  and  measurements 
were  made  at  1500x  using  an  Olympus  microscope  equipped  with  a Leitz  micrometer. 

Fifteen  cells  with  well  spread  and  condensed  chromosomes  from  five  different  indi- 
viduals within  the  sampled  population  were  selected  for  measurement  and  comparison. 
Representative  squashes  from  the  population  are  presented  (Figs.  1-2).  Standard  devia- 
tions are  indicated  for  the  following  pooled  measurements:  long  arm,  short  arm,  total 
chromosome  length,  relative  length  and  centromeric  index  (Table  1).  These  measure- 
ments were  used  to  construct  a composite  haploid  idiogram  for  the  species  (Fig.  3). 

Observations 

The  interphase  nuclei  of  Helonias  bullata  stain  uniformly  with  no 
indication  of  heteropycnotic  bodies  or  chromocenters.  The  colchicine 
pretreated  root  tip  cells  had  numerous  metaphase  figures.  For  the 
overall  population,  a total  of  100  cells  were  counted;  all  100  counts 
were  In  = 34. 

Two  different  checks  on  the  degree  of  chromosomal  condensation 
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Fig.  2. — Drawing  of  chromosomal  spreads  presented  in  Fig.  1.  2n  = 34.  Scale  indicated. 


and  complement  homogeneity  were  employed  for  each  cell  selected. 
The  ratio  of  the  longest  to  shortest  (L/S)  chromosome  of  the  comple- 
ment and  the  total  genome  length  (/ 1 ) were  calculated  for  each  of  the 
15  cells.  The  average  total  genome  length  was  111.26  fx  (range  99.50- 
120.30  pt;  SD  = 9.62).  The  average  L/S  ratio  was  2.450  (range  2.480- 
2.515;  SD  = 0.051).  These  two  standardized  measures  are  extremely 
useful  for  complement  selection,  presentation,  and  comparison  (Utech 
and  Kawano,  1975,  1976;  Utech,  19786). 

Based  on  the  15  selected  diploid  cells  which  were  measured,  that  is 
30  measures  per  homolog,  the  following  average  chromosomal  mea- 
surements (long  arm,  short  arm,  and  total  length)  with  their  respective 
standard  deviations,  relative  chromosomal  lengths,  and  centromeric 
indices  are  presented  (Table  1).  A centromeric  index,  which  defines  a 
median  chromosome  (m)  by  a 1.000-0.850  ratio,  a submedian  (sm)  by 
0.850-0.450,  and  a subtelocentric  (st)  by  0.450-zero,  was  used  (Utech 
and  Kawano,  1975,  1976;  Utech,  19786). 

Using  the  above  centromeric  index,  chromosome  pairs  1-9  and  11 
are  clearly  classifiable  as  subtelocentric  (st).  Chromosome  pairs  1,  2, 
and  7 within  this  subtelocentric  group  have  secondary  constrictions 
(NOR).  Chromosome  pairs  10  and  12  to  16  are  in  the  submetacentric 
group  (sm),  whereas  pair  17,  the  smallest,  is  metacentric.  In  all  the 
cells  examined  and  particularly,  those  selected  for  measurement,  the 
pairs  with  secondary  constrictions  were  consistently  in  the  same  size 
and  centromere  class. 

Within  the  complement,  the  absolute  difference  in  length  between 
one  pair  and  the  next  is  small.  The  average  length  of  the  longest  chro- 
mosome is  5.00  fj,,  whereas  the  average  length  for  the  shortest  is  2.04 
/JL.  The  average  change  in  relative  length  is  only  3.7%  (range  0.5- 
11.2%)  from  one  pair  to  the  next  (Table  1).  However,  a decreasing 
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Table  1. — Measurements  for  a composite  haploid  karyotype  of  Helonias  bullata  based 
on  15  colchicine  pretreated,  somatic  complements  (cf.  Fig.  3). 


Length  of  chromosomes  (^i)  Centromere 


Pair 

no. 

Long  arm 

+ 

Short  arm 

Total 

Relative 

length 

index 

(s/1) 

Type 

1 

1.50  + 2.25 

+ 

1.25 

5.00 

1.000 

0.334 

St 

(0.15)  (0.22) 

(0.12) 

(0.45) 

— 

(0.04) 

2 

1.50  + 1.98 

+ 

1.20 

4.68 

0.938 

0.346 

St 

(0.11)  (0.09) 

(0.20) 

(0.40) 

(0.04) 

(0.05) 

3 

3.20 

+ 

1.25 

4.45 

0.894 

0.391 

St 

(0.23) 

(0.10) 

(0.33) 

(0.03) 

(0.04) 

4 

2.88 

+ 

1.02 

3.90 

0.782 

0.367 

St 

(0.17) 

(0.11) 

(0.28) 

(0.08) 

(0.07) 

5 

2.70 

+ 

1.08 

3.78 

0.755 

0.399 

St 

(0.17) 

(0.08) 

(0.25) 

(0.09) 

(0.07) 

6 

2.58 

+ 

1.00 

3.58 

0.715 

0.388 

St 

(0.14) 

(0.10) 

(0.25) 

(0.10) 

(0.06) 

7 

0.98  + 1.49 

+ 

1.08 

3.55 

0.710 

0.435 

St 

(0.10)  (0.12) 

(0.07) 

(0.29) 

(0.09) 

(0.08) 

8 

2.45 

+ 

0.93 

3.38 

0.675 

0.378 

St 

(0.15) 

(0.05) 

(0.20) 

(0.03) 

(0.03) 

9 

2.25 

+ 

1.00 

3.25 

0.650 

0.444 

St 

(0.12) 

(0.03) 

(0.15) 

(0.04) 

(0.06) 

10 

2.00 

+ 

1.10 

3.10 

0.620 

0.550 

sm 

(0.10) 

(0.04) 

(0.15) 

(0.03) 

(0.06) 

11 

2.05 

+ 

0.88 

2.93 

0.585 

0.427 

St 

(0.11) 

(0.06) 

(0.17) 

(0.07) 

(0.05) 

12 

1.80 

+ 

0.88 

2.68 

0.535 

0.487 

sm 

(0.08) 

(0.07) 

(0.15) 

(0.04) 

(0.05) 

13 

1.62 

+ 

0.93 

2.55 

0.510 

0.570 

sm 

(0.08) 

(0.04) 

(0.12) 

(0.03) 

(0.04) 

14 

1.40 

+ 

0.98 

2.38 

0.475 

0.697 

sm 

(0.09) 

(0.04) 

(0.13) 

(0.04) 

(0.03) 

15 

1.35 

+ 

0.85 

2.20 

0.440 

0.630 

sm 

(0.07) 

(0.03) 

(0.10) 

(0.05) 

(0.04) 

16 

1.28 

+ 

0.90 

2.18 

0.435 

0.705 

sm 

(0.06) 

(0.04) 

(0.10) 

(0.03) 

(0.02) 

17 

1.08 

+ 

0.96 

2.04 

0.408 

0.896 

m 

(0.05) 

(0.05) 

(0.10) 

(0.06) 

(0.05) 

N = 30  measures  per  homolog. 
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Helonias  bullata  L. 
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Fig.  3. — Haploid  idiogram  for  Helonias  bullata  based  on  Table  1.  Pairs  1,  2,  and  7 have 
secondary  constrictions.  (N  = 30  measures  per  homolog.) 


size  gradient  is  evident  as  well  as  a shift  from  the  longer  chromosomes 
which  are  subtelocentric  to  the  smaller  chromosomes  which  are  sub- 
metacentric  to  metacentric.  Neither  polyploidy,  aneuploidy,  nor 
B-chromosomes,  including  fragments,  were  encountered  in  the  so- 
matic material  examined. 

Discussion  and  Concluding  Remarks 

The  somatic  karyotype  of  Helonias  bullata  L.  has  34  chromosomes 
which  range  in  size  between  5.0  and  2.0  yet.  A decreasing  size  gradient 
within  the  complement  is  gradual  with  the  longer  pairs  being  subtelo- 
centric and  the  shorter  pairs  tending  to  be  submetacentric  to  metacen- 
tric. Subtelocentric  chromosomes  dominate  the  karyotype — pairs  1 to 
9 are  subtelocentric  with  pairs  1,2,  and  7 further  distinguished  by  a 
secondary  constriction  on  their  long  arms.  Most  of  the  remaining  pairs 
are  submetacentric.  The  smallest  pair,  that  is,  pair  17,  is  the  only  pair 
within  the  complement  which  is  metacentric. 

The  somatic  karyotype  of  the  Asian  Heloniopsis  orientalis  (Thunb.) 
C.  Tanaka,  unlike  its  American  counter-part,  is  well  known  (Ono, 
1926;  Nakajima,  1933;  Sakai,  1934;  Sato,  1942;  Nakamura,  1967).  The 
somatic  number  has  been  repeatedly  reported  as  34.  Furthermore,  the 
local  Taiwan  endemic,  Heloniopsis  umbellata  Baker,  has  also  been 
counted  as  In  = 34  (Chuang  et  al.,  1962;  Hsu,  1971).  There  is  nearly 
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Fig.  4. — Three  diploid  complements  of  the  Asian  Heloniopsis  orientalis  from  Nakamura 
(1967).  Pairs  2,  3,  and  7 have  secondary  constrictions.  In  = 34. 


an  identical  range  in  complement  size  in  both  Asian  species  as  that 
found  in  Helonias  bullata.  Recently,  Nakamura  (1967)  documented 
the  detailed  somatic  karyology  of  the  Asian  Heloniopsis  orientalis. 
Fig.  4,  taken  from  Nakamura  (1967),  presents  three  complete  somatic 
karyotypes  of  this  species  from  Japan. 

Similarities,  beyond  number  and  size,  in  the  karyotypes  of  the  Asian 
Heloniopsis  to  the  American  Helonias  are  apparent.  There  is  a similar 
decreasing  centromeric  gradient  among  the  pairs  and  three  of  the  larger 
chromosomes  have  secondary  constrictions.  Nakamura  indicated  pairs 
2,  3,  and  7 as  the  NOR  chromosomes.  In  Helonias,  pairs  1,2,  and  7 
have  the  secondary  constrictions.  Caution  should  be  used  in  making 
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any  further  detailed  comparisons,  because  the  absolute  size  differences 
between  pairs  within  either  species  is  indeed  small.  It  should  also  be 
noted  that  there  was  no  indication  of  what,  if  any,  pretreatment  was 
used  by  Nakamura  (1967)  on  the  root  tips  of  Heloniopsis  orientalis, 
whereas  colchicine  was  used  for  those  of  Helonias. 

In  addition  to  the  common  number,  the  similarity  in  size  and  mor- 
phology of  the  karyotypes  of  the  American  Helonias  bullata  and  the 
Asian  Heloniopsis  orientalis  is  indeed  striking.  Recently,  a high  degree 
of  similarity  in  the  floral  vascular  anatomy  of  these  two  isolated  species 
was  demonstrated  (Utech,  1978a).  Both  species,  furthermore,  occupy 
floristic  regions  of  the  world  (Hulten,  1937;  Li,  1952;  Hara,  1952,  1956; 
Graham,  1972)  which  today  are  noted  for  their  high  percent  of  relics 
of  the  ancient  Arcto-Tertiary  Geoflora.  Helonias  and  Heloniopsis  are 
a vicariad  pair.  Furthermore,  both  species  as  rhizomatous  perennials 
would  be  far  more  conservative  in  an  eco-evolutionary  sense  of  a com- 
mon ancestral  base  number  (x  = 17)  than  a non-conservative  annual 
growth  form  (Stebbins,  1945,  1947,  1958). 

The  karyotypic  data  presented  and  discussed  here,  in  conjunction 
with  the  floral  vascular  anatomy  data  (Utech,  1978a),  clearly  support 
the  Englerian  view  (Engler,  1888;  Krause,  1930)  of  status  in  the  same 
tribe  (Helonieae),  and  not  the  Hutchinsonian  view  (Hutchinson,  1934, 
1959)  of  Helonias  in  one  tribe  (Helonideae  (emend.))  and  Heloniopsis 
in  another  (Narthecieae).  One  might  even  argue  for  congeneric  status. 
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Abstract 

The  two  political  systems  of  subdivision  for  the  Japanese  Islands,  that  of  the  province 
and  that  of  the  prefecture,  which  have  been  used  historically  are  mapped  and  discussed. 
Alphabetical  and  regional  cross  comparisons  between  the  two  systems,  as  well  as  maps 
on  the  same  scale,  are  presented  to  facilitate  determining  the  unknown  status  of  an  area, 
thereby  enabling  consistency  in  specimen  citation.  A glossary  of  geographical  suffixes 
is  provided  as  an  additional  aid.  A brief  discussion  of  Romanization  of  Japanese  with 
alternative  and  equivalent  spellings  is  also  presented  as  an  aid  to  the  seeming  confusion 
in  geographical  nomenclature. 


Introduction 

The  biogeographer  or  monographic  taxonomist  who  is  utilizing  Jap- 
anese specimens  is  soon  forced  to  confront  the  problem  posed  by  the 
inconsistancy  and  seeming  confusion  in  Japanese  geographical  nomen- 
clature. The  country  itself  has  been  variously  known  in  the  West  as 
Japan,  Nippon,  and  Hongo,  and  such  synonyms  as  Honshiu,  Honsyu, 
Honto,  and  Hondo  may  be  encountered  for  the  name  of  its  major 
island,  Honshu.  Overriding  the  considerable  problem  caused  by  ren- 
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dering  Japanese  names  from  kanji  (Chinese  characters)  into  the  Roman 
alphabet  ( Romaji ),  with  variable  spellings  dictated  by  the  various  pho- 
netics of  the  major  Western  languages,  is  the  fact  that  the  traditional 
names  of  the  old  Japanese  provinces,  with  both  Chinese  and  Japanese 
equivalents,  were  widely  used  until  very  recently  and  are  the  only 
names  used  by  pre-Meiji  (ca.  1600-1859)  botanical  collectors  such  as 
Engelbert  Kaempfer,  Christiaan  Kleynhoff,  C.  P.  Thunberg,  P.  F.  von 
Siebold,  and  P.  F.  W.  Goring  who  were  working  under  Dutch  East 
India  Company  sponsorship.  In  contrast  to  the  traditional  Japanese 
system  of  provinces  used  by  these  collectors  is  the  modern  prefectural 
system  with  its  origins  in  the  early  Meiji  period  and  the  opening  of  the 
door  to  Japan.  Important  botanical  collectors  during  the  late  19th  cen- 
tury were  J.  Morrow,  C.  Wright,  J.  Small,  C.  P.  Hodgson,  C.  J.  Max- 
imowicz,  P.  A.  L.  Savatier,  and  U.  Faurie. 

Whenever  political  boundaries  are  delineated  such  as  the  dual  prov- 
ince and  prefecture  system  which  developed  in  Japan,  the  historical 
responsibility  of  the  cartographer  making  the  map  at  the  time  is  merely 
to  inform  one  of  the  governing  authorities  and  areas  in  question.  All 
current  atlases,  road  maps,  etc.  of  Japan  use  the  prefectural  system, 
and  older  atlases  which  show  the  provincial  boundaries  are  not  readily 
available  to  everyone.  To  effectively  deal  with  historical  collections, 
a comparative  understanding  of  the  two  Japanese  systems  of  subdi- 
vision is  essential. 

This  paper,  it  is  hoped,  will  help  alleviate  geographical  confusion  by 
presenting  two  maps  as  well  as  tables  of  equivalent  nomenclature,  one 
for  the  old  provincial  system  and  one  for  the  new  prefectural  system, 
and  a discussion  of  some  of  the  alternative  spellings  and  names  which 
may  be  encountered.  Of  course,  no  list  of  equivalent  spellings  can  be 
complete,  since  especially  with  the  older  Dutch,  French,  and  Russian 
collectors,  the  Romanization  of  place  names  tended  to  be  highly  in- 
dividualistic. However,  there  are  now  two  main  systems  for  this  Ro- 
manization, and,  by  understanding  them  and  referring  to  the  maps,  it 
is  hoped  that  the  biogeographer  and  taxonomist  will  have  a good 
chance  of  identifying  to  his  satisfaction  the  location  of  most  specimens 
encountered. 


Systems  of  Political  Subdivision: 

Provinces  versus  Prefectures 

The  Japanese  archipelago  forms  a single  series  of  islands  which 
stretch  southward  from  the  Kamchatka  peninsula  towards  Malaysia. 
Japan  itself  is  presently  comprised  of  four  large  islands  and  numerous 
smaller  ones.  The  four  major  islands  are,  from  north  to  south,  Hok- 
kaido, Honshu,  Shikoku,  and  Kyushu. 
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Provinces  (kuni) 

The  mountainous  topography  of  Honshu,  the  largest  island  and  his- 
torically the  most  important,  has  been  the  key  to  the  historical  division 
of  Japan  into  political  entities.  Mid-Honshu  is  divided  cross-ways  by 
the  Fuji  Volcanic  Chain  and  also  longitudinally  by  a series  of  granitic 
mountain-volcano  chains.  Early  capitals  and  centers  of  influence, 
namely  Nara,  Kyoto,  and  Tokyo,  have  all  been  in  the  southern  half. 
Since  the  7th  century,  the  country  has  been  divided  into  provinces 
{kuni).  Administratively,  the  central  government  further  organized  the 
country’s  provinces  regionally  into  one  kinai  (those  provinces  in  the 
vicinity  of  the  capital)  and  seven  do  (circuits,  areas,  or  regions)  which 
had  six  to  15  provinces  each. 

The  original  provincial  boundaries  shifted  and  their  numbers  in- 
creased as  the  influence  of  the  central  authorities  expanded.  There 
were  further  provincial  subdivisions  in  northern  Honshu  in  the  17th 
and  18th  centuries  as  consolidation  and  reorganization  occurred.  The 
above  provincial  naming  system  officially  persisted  till  the  Meiji  Res- 
toration (1860’s),  after  which  these  old  feudal  place  names  and  bound- 
aries were  significantly  changed,  to  be  replaced  by  the  concept  of 
prefectures. 

Whereas  a given  Japanese  ideograph  ( kanji ) can  frequently  be  read 
in  several  different  ways,  the  old  provincial  names  had  two  different 
reading  systems — one  based  on  a Chinese  reading,  and  the  other  on 
an  indigenous  Japanese  reading.  A map  and  table  relating  these  two 
old  reading  systems  was  presented  by  Chamberlain  (1971;  see  also 
Papinot,  1972).  Since  the  Chinese  reading  practice  is  of  antiquity,  and 
is  not  much  used  on  biological  labels,  it  is  not  pertinent  to  the  current 
discussion.  The  provinces  of  Japan  are  mapped  (Fig.  1),  based  on  Hara 
and  Kanai  (1958,  1959),  Chamberlain  (1971)  and  Papinot  (1972),  and 
listed  alphabetically  in  Table  1 for  Honshu  and  Table  2 for  Kyushu, 
Shikoku,  and  Hokkaido,  respectively. 

Prefectures  (ken) 

Modern  Japan  is  organized  into  prefectures  ( ken ),  three  urban  (To- 
kyo, Osaka,  and  Kyoto)  and  43  rural,  including  Okinawa  Prefecture 
(Ryukyu  Islands).  It  should  be  noted  that  the  whole  island  of  Hokkaido 
is  now  considered  a prefecture,  while  in  the  past  it  had  variable  pro- 
vincial status.  (Note  the  do  or  circuit  ending  in  Hokkaido.)  Two  sys- 
tems of  further  subdivision  of  this  prefectural  island  are  known.  One 
relates  to  the  modern  prefecture  system  and  the  other  to  the  older 
provincial  system. 

Though  a modified  prefectural  system  has  been  in  existence  for  over 
100  years,  both  systems  are  still  used  in  specimen  citation  and  the 
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Fig.  1. — Map  showing  the  provinces  of  Japan  (after  Hara  and  Kanai,  1958,  1959;  Ohwi, 
1965). 


botanical  literature.  Thus,  Hara  and  Kanai  (1958,  1959)  in  their  Dis- 
tribution Maps  of  Flowering  Plants  in  Japan,  used  only  the  older  pro- 
vincial system,  though  both  systems  were  utilized  in  the  current  En- 
glish edition  of  the  Flora  of  Japan  (Ohwi,  1965).  In  his  recent  two 
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Table  1.— Alphabetical  listing  of  the  provinces  and  prefectures  of  Honshu. 


Provinces  of  Honshu 


Aki 

Hoki 

Kai 

Oki  (Isl.) 

Suo 

Awa 

Iga 

Kawachi 

Omi 

Suruga 

Awaji  (Isl.) 

Iki  (Isl.) 

Kazusa 

Owari 

Tajima 

Bingo 

Inaba 

Kii 

Rikuzen 

Tanba 

Bitchu 

Ise 

Kozuke 

Rikuchu 

Tango 

Bizen 

Iwaki 

Mikawa 

Sado  (Isl.) 

Totomi 

Dewa 

Iwami 

Mimasaka 

Sagami 

Tsushima  (Isl.) 

Echigo 

Iwashiro 

Mino 

Settsu 

Ugo 

Echizen 

Izu 

Musashi 

Shima 

Uzen 

Etchu 

Izumi 

Mutsu 

Shimotsuke 

Wakasa 

Harima 

Izumo 

Nagato 

Shimousa 

Yamashiro 

Hida 

Hitachi 

Kaga 

Noto 

Shinano 

Yamato 

Prefectures  of  Honshu 

Aichi 

Gumma 

Kyoto 

Okinawa 

Tokyo 

Akita 

Hiroshima 

Mie 

Osaka 

Tottori 

Aomori 

Hyogo 

Miyagi 

Saitama 

Toyama 

Chiba 

Ibaraki 

Nagano 

Shiga 

Wakayama 

Fukui 

Ishikawa 

Nara 

Shimane 

Yamagata 

Fukushima 

Iwate 

Niigata 

Shizuoka 

Yamaguchi 

Gifu 

Kanagawa 

Okayama 

Tochigi 

Yamanashi 

volume  Atlas  of  the  Japanese  Flora , Horikawa  (1972,  1976)  used  nei- 
ther system  of  political  subdivision  for  his  Japanese  base  map. 

The  current  prefectures  of  Japan,  except  Okinawa  Prefecture,  are 
mapped  (Fig.  2;  based  on  the  Times  Atlas  World,  1958;  Times  Index- 
Gazetteer  World,  1965;  Gazetteer,  No.  10947,  1943;  Gazetteer,  No. 
14,  1945;  Preliminary  Gazetteer  Japan,  1953)  on  the  same  scale  as  the 
provinces  (Fig.  1)  and  are  also  listed  alphabetically  for  comparison  in 
Tables  1 and  2. 

Comparison  of  the  Two  Systems 

By  reviewing  Tables  1 and  2 and  the  maps  (Figs.  1-2),  one  can 
determine  the  status  of  a given  major  political  subdivision,  that  is 
which  main  island  and  which  province  or  prefecture  is  involved.  How- 
ever, while  the  Romanized  names  may  be  similar  under  both  the  pro- 
vincial and  the  prefectural  systems,  in  some  cases  the  geographical 
areas  occupied  are  not.  For  each  of  the  major  islands,  a cross  com- 
parison of  the  two  systems  is  presented.  Small  diagrams,  Fig.  3 for 
Honshu  and  Fig.  4 for  Kyushu,  Shikoku,  and  Hokkaido,  respectively, 
show  this  name  equivalency  and  associated  changes  in  area.  When 
used  in  conjunction  with  the  maps,  these  equivalency  figures  provide 
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Table  2- — Alphabetical  listing  of  the  provinces  and  prefectures  of  Kyushu,  Shikoku,  and 

Hokkaido. 


Provinces  of  Kyushu 

Prefectures  of  Kyushu 

Bungo 

Hiuga 

Fukuoka 

Nagasaki 

Buzen 

Hizen 

Kagoshima 

Oita 

Chikugo 

Osumi 

Kumamoto 

Saga 

Chikuzen 

Satsuma 

Miyazaki 

Higo 

Provinces  of  Shikoku 

Prefectures  of  Shikoku 

Awa 

Sanuki 

Ehime 

Kochi 

lyo 

Tosa 

Kagawa 

Tokushima 

Subprovincial  Units 

Subprefectural  Units 

of  Hokkaido 

of  Hokkaido 

Hidaka 

Nemura 

Abashiri 

Nemuro 

Iburi 

Oshima 

Hidaka 

Oshima 

Ishikari 

Shiribeshi 

Hiyama 

Rumoi 

Kitami 

Teshio 

Iburi 

Shiribeshi 

Kushiro 

Tokachi 

Ishikari 

Sorachi 

Kamikawa 

Soya 

Kushiro 

Tokachi 

further  geographical  information.  Thus,  for  example,  a collection  la- 
beled under  the  provincial  system  can  be  given  its  correct  prefectural 
equivalent  for  consistency  in  citation. 

Honshu  (Figs.  1-3;  Table  1) 

The  present  prefectures  of  Honshu  are  grouped  into  districts  or  re- 
gions, much  as  the  old  provinces  were  organized  into  circuits  (do). 
These  newer  districts  have  no  real  political  function,  but  they  do  rep- 
resent a popular,  regional  view  of  Japan  which  has  both  a topograph- 
ical and  historical  basis.  These  areas  are  similar  to  such  regional  di- 
visions as  the  Middle  West  (U.S.A.)  or  the  Lake  District  (England). 
A regional  approach  for  the  detailed  comparison  of  Honshu  has  been 
used,  because  of  the  large  number  of  provinces  and  prefectures.  The 
districts  used  in  Fig.  3 include:  Tohoku  (northeastern  Honshu),  Kanto 
(Tokyo  and  surrounding  prefectures),  Chubu  (central  Honshu),  Kansai 
or  Kinki  (west  central  Honshu),  and  Chugoku  (western  Honshu).  If  a 
collection  is  known  to  be  from  western  Honshu  for  example,  then  the 
Chugoku  District  cross  comparison  of  Fig.  3 will  be  useful  in  quickly 
establishing  whether  a marked  area  is  a prefecture  or  a province  and 
its  current  geographical  status. 

Kyushu  (Figs.  1,  2 [stars],  and  4;  Table  2) 

Kyushu,  the  southernmost  of  the  major  islands,  is  now  divided  into 
seven  prefectures,  a reduction  of  two  from  the  original  nine  provinces. 
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Fig.  2. — Map  showing  the  prefectures  of  Japan  (after  London  Times  Atlas  of  the  World, 
1958;  London  Times  Index-Gazetteer  World,  1965). 


The  subdivision  of  Hizen  and  Buzen  provinces  are  indicated  in  Fig.  4 
and  in  the  maps  (Figs.  1-2). 

Between  1609  and  the  middle  of  the  19th  century,  the  only  open 
Japanese  port  was  the  Dutch  East  India  Company’s  station  on  Dejima 
Island  (Nagasaki).  Most  of  the  earliest  western  botanical  collections, 
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REGIONAL  COMPARISON  OF  PROVINCES  AND  PREFECTURES  OF  HONSHU 


Tohoku  District  - Northeastern  Honshu  Kansai  or  Klnkl  Pis  trict  - West  central  Honshu 

Provincial  System  Prefectural  System  Provincial  System  Prefectural  System 


1.  Mutsu 1. 

2.  Ugo 2. 

3.  Rikuchu 3. 

4.  Rikuzen 4. 

5.  Uzen 5. 

6.  Iwashiro — 6 . 

7.  Iwaki- — 


Aomor  i 

Akita 

Iwate 

Miy agi 

Yamagata 

Fukushima 


Kanto  Pis  trict  - Tokyo  (city)  & area 
Provincial  System  Prefectural  System 


1.  Hitachi 1. 

2.  Shimotsuke 2. 

3.  Sagami 3. 

4.  Kozuke 4. 

5.  Shimousa . 

6.  Kazusa'^]/^ 

7.  Awa^^ 

8.  Musashi  — — — 6. 


Ibaraki 

Tochigi 

Kanagawa 

Gumma 

Chiba 


Saitama 

Tokyo 


Chugoku  Pis  trict  - Western  Honshu 
Provincial  System  Prefectural  System 


1. 

Nag  a to 

2. 

Suo ' 

3. 

Aki 

4. 

Bingo 

5. 

Bltchu 

6. 

Mimas  aka- 

7. 

Bizen^ 

8. 

Hokl 

9. 

Inaba^''"" 

10. 

Izumo 

11. 

Iw  ami 

12. 

Oki  (Isl. 

13. 

Tsushima 

14. 

Iki  (Isl. 

Yamaguchi 
Hiros  hima 
Okayama 


Tottori 
S h imane 


1.  Yamato 1. 

2.  Omi 2. 


Nara 

Shiga 

Osaka 


Kyo  to 


Mie 


Wakayama 

Hyogo 


Chubu  Pis  trict  - Central  Honshu 
Provincial  System  Prefectural  System 


1. 


11. 


14. 

15. 

16. 


Sado  (Isl.) 


Fukui 

Is  hi kawa 

Toyama 

Niigata 

Aichi 

Shi zuoka 


Gifu 

Nagano 
Y amanashi 


Fig.  3. — Diagrammatic  cross-comparison  of  the  provinces  and  prefectures  of  Honshu  by 
geographical  regions:  northeastern  Honshu — Tohoku  ( Ou ) District;  west-central  Hon- 
shu— Kansai  or  Kinki  District;  Tokyo  (city)  and  surrounding  area— Kanto  District;  west- 
ern Honshu — Chugoku  District;  central  Honshu — Chubu  District. 


such  as  those  of  E.  Kaempfer,  C.  Kleynhoff,  C.  P.  Thunberg,  F.  P. 
von  Siebold,  and  P.  F.  W.  Goring  (Owhi,  1965),  were  made  in  the 
Nagasaki  area  or  on  the  regularly  required  courtesy  trips  to  the  To- 
kugawa  capital  Edo,  the  modern  Tokyo.  A description  of  such  an  Edo 
trip  from  Dejima  Island  is  given  by  von  Siebold  (1841,  1973),  a German 
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REGIONAL  COMPARISON  OF  PROVINCES  AND  PREFECTURES  OF  KYUSHU,  SHIKOKU  AND  HOKKAIDO 


KYUSHU 


HOKKAIDO 


Provincial  System  Prefectural  System 


1.  Hiuga 1. 

2.  Higa 2. 

3.  Hizen^— — — — — 3. 

4.  Satsuma _^-5  . 

5.  Osumi  — ' 

6.  Bun  go — 6 . 

7.  Buzen<[^ 

8.  Chikuzen . 

9.  Chikugo 


Miyazaki 
Kumamo  to 
Saga 

Nagasaki 
Kago  sh ima 

Oita 

Fukuoka 


rincial  System 

Pr 

efectural  Syst 

Tos  a 

1. 

Kochi 

Awa 

— 2. 

Tokushima 

Sanukl 

— 3. 

Kagawa 

Iyo 

— 4. 

Ehime 

Pro 

vincial  System 

Prefecture  Syj 

1. 

Nemur o 

1. 

N emur  o 

2. 

Hidaka 

2. 

Hidaka 

3. 

3. 

Tokachi 

4 . 

Kushiro 

4. 

Kushiro 

5. 

Kitami-^— 

— -5. 

Abas  hir i 

6. 

Soya 

6. 

Oshima  

7. 

Os  hima 

-8 . 

Hiy  ama 

7. 

Ishikar  i-^— 

9. 

Ishikari 

X 

''-10. 

Sorachi 

8. 

Teshio  

^11. 

Kamikawa 

1 2 . 

Rumoi 

Fig.  4.— Diagrammatic  cross-comparison  of  the  provinces  and  prefectures  of  Kyushu, 
Shikoku,  and  Hokkaido.  Hokkaido  is  a prefecture  which  has  been  divided  into  subpre- 
fectural  units.  Subprovincial  units  also  exist  for  Hokkaido. 


whom  the  Dutch  presented  to  the  Japanese  as  being  and  speaking  a 
“type  of  Dutch  characteristic  of  the  highland  regions.”  Incidently,  von 
Siebold  was  banished  from  Japan  as  a result  of  indiscretely  obtaining 
a map  of  Japan,  an  object  then  forbidden  to  foreigners. 

Shikoku  (Figs.  1,  2 [circles]  and  4;  Table  2) 

The  prefectural  boundaries  of  this  island  are  identical  to  those  of  the 
older  provinces.  The  only  changes  have  been  in  the  names  (Fig.  4). 
Awa  Province  of  Shikoku  can  only  be  distinguished  from  Awa  Prov- 
ince of  Honshu  when  Romanized  by  their  respective  kanji  or  by  ad- 
ditional information. 

Hokkaido  Prefecture  (Figs.  1,  2 and  4;  Table  2) 

The  large  northern  island  of  Hokkaido,  known  also  as  Kokushu, 
Yezo,  Yeso,  and  Ezo  in  the  past,  is  a single  prefecture  subdivided  into 
14  special  administrative  units.  Under  the  provincial  system,  Hokkaido 
had  special  subdivisions  in  which  the  names  and  associated  areas  are 
occasionally  different  from  present  subprefectural  units.  Because  of 
the  island’s  large  size,  a comparison  of  these  two  sets  of  administrative 
names  has  been  given  to  parallel  the  treatment  of  the  other  major 
islands  (Fig.  4). 
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Under  the  Treaty  of  Kanagawa  in  1854,  Hakodate  became  an  open 
port  and  many  western  botanical  collectors  (J.  Morrow,  C.  Wright,  J. 
Small,  C.  P.  Hodgson,  C.  J.  Maximowicz,  and  U.  Faurie)  passed 
through  this  city  during  their  periods  of  Japanese  collecting  (Ohwi, 
1965). 


Okinawa  Prefecture  (not  mapped) 

The  Ryukyu  Islands  (also  called  Nansei  Islands)  comprise  some  40 
islands  in  a southerly  chain  between  30°  and  24°S  latitude.  Though 
both  Ryukyu  (Luchu — a Chinese  variant  used  by  Commander  Perry) 
and  Okinawa  are  used  in  a general  way  for  these  islands,  Okinawa 
Island,  strictly  speaking,  is  the  largest  and  most  important  of  the  group. 
Okinawa  is  the  current  prefectural  name  following  reversion  from  the 
United  States  in  1971.  A current  map  of  Okinawa  has  been  presented 
by  Walker  (1976)  in  his  Flora  of  Okinawa  and  the  Southern  Ryukyu 
Islands. 


Other  Areas 

Present-day  Japan  lost  territory  as  a consequence  of  World  War  II; 
these  include  Taiwan  (Formosa),  the  Kurile  Islands,  southern  Sahkalin 
Island,  Korea  (Chosen),  and  Manchuria  (Manchukuo).  These  areas 
have  had  in  the  past  various  Japanese  political  boundaries  and  location 
names.  Botanical  or  zoological  collections  may  give  a location  from 
these  areas  in  either  a Japanized  local  equivalent  or  in  a Japanese 
rename.  Tremendous  difficulties  in  site  location  are  encountered  when 
such  Japanese  collections  are  used  in  conjunction  with  older  (pre-Japa- 
nese) and  new  (post- Japanese)  collections  which  have  different,  but  well 
established,  names  in  the  West  or  have  been  totally  renamed.  Today 
these  area  names  may  be  in  either  Chinese,  Korean,  or  Russian. 

Besides  these  political  problems  in  geographical  nomenclature,  there 
have  also  been  changes  in  the  languages  themselves.  Most  of  the  lan- 
guage changes  have  been  towards  standardization  and  simplification 
in  order  to  increase  popular  education  and  facilitate  telecommunica- 
tions, as  well  as  to  provide  an  international  base  for  cataloguing  and 
indexing  cultural  patterns. 

Following  1945,  and  the  end  of  World  War  II,  the  Japanese  language, 
for  example,  has  had  the  number  of  commonly  used  script  symbols  or 
kanji  reduced  from  approximately  3500  to  1800.  This  reduction  rep- 
resents a real  possibility  of  lost  locations  due  to  the  inability  to  read 
the  old  kanji.  Similarly,  written  Chinese  in  the  Peoples’  Republic  of 
China  is  currently  undergoing  a new  system  of  Romanization  ( Pinyin ), 
as  well  as  a reduction  in  the  number  of  characters  used.  Such  old  and 
familiar  Romanizations  as  Peking,  Tientsin,  Chungking,  and  Tibet,  in 
old  Chinese,  for  example,  become  Beijing,  Tian  Jin,  Zhong  Qing  and 
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Xiang  Gang  in  the  new  Piny  in  (Gazetteer,  1979).  The  Korean  language 
as  well  has  undergone  differential  simplification  in  both  the  North  and 
South.  Due  to  the  floristic  and  faunistic  similarities  of  all  of  these  Asian 
regions,  one  is  now  certainly  confronted  with  a formidable  task  to 
accurately  map  and  correctly  cite  specimen  locations.  It  is  of  singular 
importance,  therefore,  that  all  dated  maps  and  gazetteers,  irrespective 
of  language,  be  conserved. 

Geographical  and  Political  Suffixes 

Certain  geographical  suffixes  frequently  appear  on  collections  from 
Japan.  Table  3 presents  a list  of  some  of  the  more  common  suffixes. 
Five  common  political  suffixes,  arranged  in  decreasing  size,  are:  -ken 
(prefecture),  -gun  (subprefecture,  county),  -shi  (city),  and  -mura  (vil- 
lage). Mountain  names  may  have  any  of  these  suffixes:  -yama,  -san, 
-zan,  and  -dake,  though  the  latter  is  used  chiefly  for  major  peaks. 
Rivers  are  indicated  by  adding  -gawa  or  -kawa,  islands  by  -jima  or 
-shima  and  capes  by  -saki  or  -zaki.  Three  different  types  of  Japanese 
parks  (- koen ) are  frequently  encountered  on  collection  information: 
-kokuritsu  koen  (National  Park),  -kokutei  koen  (Quasi-National  Park), 
and  -kenritsu  koen  (Prefectural  Park). 

Notes  on  Japanese  Romanization 

Most  Japanese  sounds  consist  of  a consonant  followed  by  a vowel 
which  constitutes  a single  syllable,  or  a single  vowel  syllable.  There 
are  alternate  forms  for  the  Romanization  of  certain  sounds  in  Japanese, 
and  these  can  cause  confusion  to  persons  unfamiliar  with  the  language. 
The  following  list  (Table  4)  covers  the  most  widely  used  equivalent 
spellings  of  syllabic  sounds.  By  consulting  this  list  the  reader  can  dispel 
doubts  about  the  equivalency  of  certain  names,  for  example  I zu  and 
I dzu,  Kazwsa  and  KaJzwsa,  and  Kozwke  and  Kodzuke.  The 
y-combination  syllables  are  often  rendered  in  Roman  letters  without 
the  ‘y,’  as  in  M/e  (M/ye).  Long  vowels  are  treated  as  two  syllables  in 
the  Japanese  language,  and  are  variously  Romanized  by  placing  a bar 
(macron)  over  the  vowel  to  indicate  length,  or  doubling  it  (especially 
in  the  case  of  ‘ii’),  or  frequently,  in  the  case  of  long  ko,’  by  writing  it 
‘ou’  or  ‘oh.’  One  may  find  Osaka,  Kyoto  or  Tokyo  written  with  or 
without  the  barred  “6”  for  example,  or  Shimosa  for  Shimowsa,  Owari 
for  Oh  wari  and  Omi  for  Oh  mi.  Long  consonants  are  usually  doubled 
to  indicate  two  syllables,  but  may  be  encountered  written  singly.  Syl- 
labic ‘n’  or  ‘m’  are  equivalents,  thus  in  the  case  in  which  the  n or  m 
sound  constitutes  a full  syllable  on  its  own  (for  example  in  Honshu) 
the  relevant  Japanese  character  must  be  transcribed  as  either  n or  m 
depending  on  the  sound  in  a particular  word  (for  example  Giwwa 
equals  Gumma).  Spellings  used  in  the  maps  and  tables  generally  follow 
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Table  3. — Glossary  of  common  geographical  suffixes.1 

bae 

bana 

banare 

banashi 

bise 

bishi 

byochi 

chiho 

cho 

dai 

dake 

dani 

dashi 

fu 

fuji 

gaiwan 

gan 

gata 

gawa 

guchi 

gun 

gunto 

guri 

hae 

hakuchi 

hama 

hana 

hanto 

heiya 

hishi 

ike 

iri 

ishi 

iso 

iwa 

jima 

kai 

kaikyo 

kaiwan 

kaku 

kawa 

ko 

ko 

kochi 

kojima 

kokuritsukoen 

komon 

kubi 

kuchi 

kyuryo 

ma 

rock(s) 

point,  cape 

rock,  island,  islet 

island 

reef 

reef 

harbor,  bay 
region 
territory 
plateau,  hill 

mountain(s),  mountain  range,  mount,  mountain  peak,  ridge 

valley 

reef,  rock 

urban  prefecture 

mountain,  hill 

gulf 

rock 

inlet,  lake,  lagoon,  bay 

stream,  channel,  section  of  stream 

channel,  strait 

subprefecture 

archipelago,  island  chain 

shoal,  bank 

rock,  reef 

anchorage 

beach 

point,  cape 

peninsula 

plain 

reef 

lagoon,  pond 
inlet 
rock(s) 
reef,  shoal 

rock(s)  shoal,  reef,  islets;  mountain 

island(s),  rock(s)  islets  and  rocks,  part  of  an  island 

lagoon,  sea 

strait,  channel 

inlet 

cape,  point 
stream,  channel 
lake(s)  inlet,  lagoon 

harbor(s),  anchorage,  basin,  inlet,  bay,  cove 

plateau 

islet 

national  park 
channel 
cape,  point 

stream  mouth,  channel  mouth,  bay  entrance 

hills 

cove 
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Table  3. — Continued 


machi 

minor  civil  division 

maru 

mountain 

minato 

harbor 

mine 

mountain 

misaki 

cape,  point,  peninsula,  promontory 

mori 

hill;  forest 

mura 

minor  civil  division 

nada 

sea,  gulf 

naikai 

sea 

naiko 

harbor 

ne 

shoal,  reef,  island 

numa 

lake,  pond 

nupuri 

mountain 

oki 

bay 

onsen 

hot  spring 

rei 

mountain 

retto 

island  group,  island  chain 

saki 

cape,  point 

sammyaku 

mountain  range 

san 

mountain,  mountain  ridge 

sen 

mountain 

seto 

strait,  channel 

shi 

municipality 

shicho 

subprefecture 

shima 

island(s),  islet(s),  rock(s),  island  section,  shoal,  reef 

sho 

island,  reef 

sho 

reef,  rock 

shosho 

islets 

son 

minor  civil  division 

suido 

channel,  strait 

tai 

sandbar 

take 

mountain,  mountain  group 

to 

capital  district 

to 

pond,  lake 

toge 

pass;  mountain 

tomari 

inlet 

tsu 

inlet 

uchi 

bay 

umi 

sea,  inlet,  lagoon,  bay 

unga 

canal 

ura 

bay,  beach,  lake,  cove 

wan 

bay,  cove,  channel,  harbor,  sea,  anchorage 

yama 

mountain(s),  hill,  mountain  range,  rock,  mound,  volcano, 
hot  spring 

yu 

hot  spring 

zachi 

point 

zan 

mountain,  hill,  mountain  ridge,  mountain  group 

ze 

islet,  reef 

zen 

mountain 

1 Adapted  in  part  from  Preliminary  Gazetteer  Japan  (1953),  the  Official  Standard 
Names  Approved  by  the  United  States  Board  on  Geographic  Names. 
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Table  4. — Some  equivalent  Roman  spellings  for  Japanese  syllables.1 


shi — si 

ji — di  or  zi 

sho— syo 

cha— -tya 

chi — ti 

zu — du  or  dzu 

ja — dya  or  zya 

chu— tyu 

tsu — tu 

sha — sya 

ju — dyu  or  zyu 

cho — tyo 

fu — hu 
n — m* 

shu — syu 

jo — dyo  or  zyo 

* Syllabic. 

1 Left  hand  member  of  the  pair  follows  the  Hepburn  System  of  Romanization  whereas 
the  right  hand  member  follows  the  Japanese  National  System  of  Romanization. 


the  Hepburn  System  of  Romanization.  In  Table  4,  these  are  the  left 
hand  members  of  the  syllabic  pair.  The  first  four  equivalencies  are  the 
most  important  and  wifi  account  for  most  of  the  discrepancies  in  recent 
Romanizations. 


Concluding  Remarks 

Without  exercising  great  caution,  the  unsuspecting  biogeographer  or 
taxonomist  who  must  cite  specimens  from  Japan  could  conceivably 
make  use  of  twice  as  many  political  subdivisions  as  actually  occur  in 
Japan.  Two  systems  of  political  subdivision  exist — an  older  one  for 
the  provinces  and  a newer  one  for  the  prefectures.  Maps  of  both  are 
presented  side  by  side  and  on  the  same  scale  for  quick  reference. 
Alphabetical  listings  of  the  provinces  and  prefectures  for  the  four  major 
islands,  as  well  as  diagrammed  cross-comparisons,  are  presented  to 
facilitate  determining  the  location  of  an  unknown  area.  A brief  discus- 
sion of  Romanization  with  alternative  and  equivalent  spellings  is  pre- 
sented as  an  aid  to  the  seeming  confusion  in  geographical  nomenclature, 
as  well  as  a list  of  geographical  suffixes  frequently  encountered  on 
specimen  labels.  A plea  is  made  for  the  conservation  of  all  dated  maps 
and  gazetteers  of  an  area.  This  is  especially  true  of  Japan  and  its 
neighboring  regions  for  during  this  century  considerable  geographical 
name  changing  has  occurred. 
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A NEW  COMBINATION  IN  ATHYRIUM  (ATHYRIACEAE)  OF 
NORTH  AMERICA 

Masahiro  Kato1 

Abstract 

The  new  combination  Deparia  acrostichoides  (Sw.)  M.  Kato  is  made.  Characters 
separating  Deparia  from  other  Athyriaceae  are  defined  and  the  relationships  of  Deparia 
acrostichoides  with  other  species  of  the  genus  in  eastern  Asia  are  discussed. 

Taxonomy 

Deparia  acrostichoides  (Sw.)  M.  Kato,  comb.  nov. 

Asplenium  acrostichoides  Sw.,  Schrad.  J.  Bot.,  1800:54.  1800. 
Asplenium  thelypterioides  Michx.,  FI.  Bor.  Amer.,  2:265.  1803. 
Athyrium  thelypterioides  (Michx.)  Desv.,  Mem.  Soc.  Linn.  Paris, 
6:266.  1827. 

Diplazium  thelypterioides  (Michx.)  Presl,  Tent.  Pterid.,  114.  1836. 
Athyrium  acrostichoides  (Sw.)  Diels  in  Engl.  & Prantl,  Nat.  Pfl.-fam., 
1:223.  1899,  non  Athyrium  acrostichoideum  Bory  ex  Merat,  1836. 
Athyrium  thelypterioides  (Michx.)  Desv.  forma  acrostichoides  (Sw.) 

Gilbert,  List  N.  Amer.  Pterid.,  15.  1901. 

Diplazium  acrostichoides  (Sw.)  Butters,  Rhodora,  19:178.  1917. 
Lunathyrium  acrostichoides  (Sw.)  Ching,  Acta  Phytotax.  Sin.,  9:71. 
1964. 

Discussion 

Deparia  acrostichoides  (Sw.)  Kato  has  generally  been  referred  to 
Athyrium  (A.  thelypterioides  (Michx.)  Desv.),  although  some  authors 

1 Department  of  Botany,  Faculty  of  Science,  Kyoto  University,  Kyoto  606,  Japan. 
Submitted  for  publication  7 December  1979. 
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have  placed  it  in  Diplazium  ( D . thelypterioides  (Michx.)  Presl).  The 
affinities  to  Athyrium  and/or  Diplazium  are  indicated  by  such  athyrioid 
characters  as  lanceolate  to  ovate  entire  scales,  the  double  vascular 
bundles  of  the  stipe,  each  hippocampus-shaped  in  cross  section,  linear, 
hooked,  or  double  linear  sori,  and  bilateral  spores.  Besides  these  com- 
mon athyrioid  characters,  D.  acrostichoides  also  exhibits  features 
characteristic  of  the  genus  Deparia.  This  genus  was  established  by 
Hooker  and  Greville  for  Deparia  macraei  (—  D.  prolifer)  from  the 
Hawaiian  Islands  which  bears  peculiar  apparently  marginal  dickson- 
ioid  sori.  The  genus  has  recently  been  construed  in  a broad  sense  to 
include  Lunathyrium,  Dryoathyrium,  and  Athyriopsis  (Kato,  1977). 
The  diagnostic  characters  other  than  the  above  cited  athyrioid  char- 
acters are  the  groove  on  the  upper  surface  of  the  rachis  is  not  open  at 
the  junction  with  the  costa  and  articulate  multicellular  hairs  occur  on 
the  frond  axes  and  veins. 

Among  the  four  sections  into  which  Deparia  is  subdivided,  Deparia 
acrostichoides  evidently  belongs  to  section  Lunathyrium,  judging  from 
the  swollen  stipe  base  bearing  two  rows  of  pneumatophores  along  each 
side,  the  auricled  acroscopic  base  of  the  lower  pinnae,  and  linear, 
hooked  or  double  sori  with  thick,  bullate  and  entire  indusia. 

Regarding  specific  concepts,  Deparia  acrostichoides  has  been  treat- 
ed broadly  to  include  allied  Asiatic  species  which  still  remain  confused 
and  in  need  of  taxonomic  revision  (see  C.  Christensen,  1905,  1934).  In 
his  enumeration  of  the  species  of  Lunathyrium,  Ching  (1964)  reported 
on  the  occurrence  of  this  species  in  China,  Korea,  Japan,  and  the  far 
eastern  U.S.S.R.  (Ussuri).  However,  D.  acrostichoides  differs  dis- 
tinctly from  any  Asiatic  ferns  in  having  the  combination  of  a creeping 
rhizome,  reduced  frond  base,  deeply  pinnatifid  pinnae  with  entire  to 
serrate  segments  and  linear  or  double,  or  sometimes  hooked  sori.  The 
group  including  D.  pychnosora  and  Athyrium  allantodioides  Bedd.  has 
ascending  to  erect  rhizomes  while  resembling  D.  acrostichoides  in  the 
frond  base,  pinna  segments,  and  sori.  Another  group  including  Athyr- 
ium coreanum  Christ  and  D.  pterorachis  share  the  short-creeping  rhi- 
zomes, but  the  crenate  to  lobed  pinna  segments  and  the  abundance  of 
horseshoe-shaped  sori  are  different  from  those  of  D.  acrostichoides. 

Deparia  acrostichoides  thus  defined  is  distributed  in  rich  moist 
woods  and  on  shaded  slopes  and  stream  banks  in  northeastern  North 
America,  ranging  from  Quebec,  Nova  Scotia,  Ontario,  and  New 
Brunswick  in  southeastern  Canada  through  all  northeastern  states  of 
the  United  States,  westward  to  Wisconsin,  Minnesota,  eastern  Iowa, 
eastern  Missouri,  and  northwestern  Tennessee  and  southward  along 
the  Appalachian  Mountains  to  North  Carolina,  South  Carolina,  Ten- 
nessee, Georgia,  and  Alabama,  and  is  reported  from  Louisiana.  It  is 
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the  only  representative  of  Deparia  in  North  America  with  the  excep- 
tion of  D.  japonica  sensu  lato  which  is  introduced  in  Florida  (Morton 
and  Godfrey,  1958). 
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Abstract 

Karyotypes  of  seven  species  of  megachiropterans  from  Africa  are  described.  Epomops 
franqueti,  Hypsigncithus  monstrosus,  Lissonycteris  angolensis,  and  Myonycteris  tor- 
quata  have  a 2n  = 36  and  karyotypes  that  are  similar  to  each  other  in  morphology. 
Micropteropus  pusillus  (2n  = 35)  is  similar  to  the  above  four,  but  possesses  what  ap- 
pears to  be  an  X/YxY2  sex-determining  system.  Scotonycteris  ophiodon  (2n  = 34,  FN  = 
62)  and  Megaloglossus  woermanni  (2n  = 34,  FN  = 62)  are  respectively  distinctive  from 
the  other  taxa  studied,  but  may  share  several  chromosomal  characteristics  with  the 
other  species. 

Introduction 

The  family  Pteropodidae  is  a diverse  assemblage  of  species  and  is 
widely  distributed  in  the  Old  World.  The  family  consists  of  two 
subfamilies,  38  genera,  and  approximately  150  species  (Koopman  and 
Jones,  1970).  Karyotypic  studies  within  this  family  have  been  limited 

1 Address:  Department  of  Biological  Sciences,  Texas  Tech  University,  Lubbock,  Texas 
79409. 
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Table  1. — A summary  of  known  karyotypic  data  for  the  family  Pteropodidae.  ST — subtelocentric , SM — submetacentric,  M — metacentric, 

and  A — acrocentric,  O — absent. 
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and,  at  present,  published  information  is  restricted  to  10  genera  and 
19  species  (Table  1).  Most  species  studied  thus  far  appear  to  be  chro- 
mosomally  conservative  and  are  characterized  by  similar  diploid  and 
fundamental  numbers. 

In  this  study,  the  karyotypes  of  seven  species,  representing  new 
data  on  six  genera,  are  presented  and  discussed.  The  karyotype  of 
Epomops  franqueti  has  been  described  previously  (Peterson  and  Na- 
gorsen,  1975)  from  females.  We  illustrate  the  karyotype  of  a male.  Our 
results  are  consistent  with  the  majority  of  the  chromosomal  data  re- 
ported thus  far. 


Materials  and  Methods 

All  karyotypes  were  obtained  from  bone  marrow  preparations  made  in  the  field  by 
the  in  vivo  incubation  method  as  described  by  Robbins  and  Baker  (1978).  Diploid  number 
determinations  were  based  on  counts  from  a minimum  of  10  mitotic  spreads.  Nomen- 
clature of  chromosome  morphology  used  is  that  of  Patton  (1967).  All  specimens  exam- 
ined were  prepared  as  standard  museum  skins  and  skulls  and  are  housed  at  the  Carnegie 
Museum  of  Natural  History  (CM). 

Specimens  Examined 

All  specimens  were  collected  in  Cameroon  unless  otherwise  noted. 

Epomops  franqueti. — 9 km  S,  10  km  W Yaounde,  3°47'N,  11°25'E 
(1$);  30  km  N,  40  km  E Obala,  4°22'N,  11°58'E  (IS,  1$);  13  km  S 
Ngaoundere,  7°12'N,  13°36'E  (1  9);  13  km  S,  8 km  E Ambam,  2°15'N, 
11°2TE  (19). 

Hypsignathus  monstrosus. — 30  km  N,  40  km  E Obala,  4°22'N, 
11°58'E  (1  9).  Zaire:  Bumba  Zone;  Yalosemba,  2°34'N,  22°10'E  (1  9). 

Lissonycteris  angolensis. — 4 km  S,  2 km  E Eseka,  3°36'N,  10°48'E 
(IS,  29  9). 

Myonycteris  torquata. — 13  km  S Ngaoundere,  7°12'N,  13°36'E  (\S , 
19). 

Micropteropus  pusillus. — 13  km  S Ngaoundere  7°12'N,  13°36'E 
(3SS);  23  km  S,  8 km  E Garoua,  9°6'N,  13°28'E  (IS). 

Scotonycteris  ophiodon. — 3 km  S,  3 km  W Eseka,  3°37'N,  10°45'E 
(IS). 

Megaloglossus  woermanni. — 13  km  S,  8 km  E Ambam,  2°16'N, 
H02TE  (19);  30  km  N,  40  km  E Obala,  4°22'N,  11°58'E  (IS). 

Results 

The  karyotypes  of  seven  species  (representing  seven  genera  and  two 
subfamilies)  are  presented  in  Figs.  1-3.  Table  1 is  a summary  of  the 
known  karyoptypic  data  for  the  family,  including  those  reported 
herein.  A brief  description  of  each  karyotype  is  given  below. 
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Fig.  1. — The  standard  karyotypes  of  (a)  Epomops  franqueti  8 (CM  58181),  2n  = 36, 
FN  = 68;  (b)  Hypsignathus  monstrosus  $ (CM  58184),  2n  = 36,  FN  = 68;  (c)  Microp- 
teropus  pusillus  8 (CM  58217),  2n  = 35;  FN  = 64. 


Subfamily  Pteropodinae 

Epomops  franqueti,  In  = 36,  FN  = 68,  Fig.  la.— The  karyotype  il- 
lustrated here  is  like  that  reported  by  Peterson  and  Nagorsen  (1975). 
The  autosomal  complement  consists  of  13  pairs  of  metacentric  or  sub- 
metacentric  elements,  ranging  in  size  from  large  to  small,  and  four 
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pairs  of  medium-sized  elements  which  have  a submetacentric  or  sub- 
telocentric  centromere  placement.  The  fifth  pair  of  the  complement 
possesses  a secondary  constriction  proximal  to  the  centromere  (mark- 
er chromosomes)  which  is  found  in  other  species  as  well  (see  below, 
Dulic  and  Mutere,  1973;  Peterson  and  Nagorsen,  1975;  Yong  and 
Dhaliwal,  1976).  The  X is  a medium-sized  subtelocentric  and  the  Y is 
a small  subtelocentric. 

Hypsignathus  monstrosus , 2n  = 36,  FN  = 68,  Fig.  lb. — The  stan- 
dard karyotype  of  the  female  of  this  species  is  indistinguishable  from 
that  described  above  for  Epomops  franqueti. 

Micropteropus  pusillus,  2n  = 35,  FN  = 64,  Fig.  lc. — The  karyotype 
of  Micropteropus  is  similar  to  that  of  Epomops.  There  are  13  pairs  of 
metacentric  or  submetacentric  chromosomes  (small  to  large),  but  only 
three  pairs  of  medium-sized  subtelocentric  elements.  The  sex  chro- 
mosomes of  the  male  consist  of  a medium-sized  subtelocentric  X,  a 
small  submetacentric  Yx  and  a smaller  subtelocentric  Y2. 

Myonycteris  torquata,  2n  = 36,  FN  = 66,  Fig.  2a. — The  autosomal 
complement  consists  of  12  pairs  of  large  to  small  metacentric  and  sub- 
metacentric elements,  four  pairs  of  medium-sized  subtelocentric  ele- 
ments, and  one  pair  of  small  acrocentric  chromosomes.  The  fifth  pair 
bears  the  secondary  constriction.  The  X is  a medium-sized  subtelo- 
centric and  the  Y is  a small  acrocentric. 

Lissonycteris  angolensis,  2n  = 36,  FN  = 66,  Fig.  2b. — The  stan- 
dard karyotype  of  L.  angolensis  is  indistinguishable  from  that  de- 
scribed above  for  Myonycteris  torquata. 

Scotonycteris  ophiodon,  2n  = 34,  FN  = 62,  Fig.  3. — The  field  prep- 
arations for  Scotonycteris  ophiodon  were  difficult  to  analyze.  In  Sco- 
tonycteris, approximately  200  spreads  were  examined  and  the  majority 
(95%)  of  all  spreads  counted  gave  a diploid  number  of  33.  However, 
the  unpaired  element  was  not  the  same  in  each  case  and  spreads  with 
each  element  unpaired  were  found.  The  karyotype  presented  here  for 
this  species  is  based  on  conclusions  derived  from  a study  of  G-bands 
(in  progress)  in  which  homologous  pairs  can  be  identified  and  complete 
spreads  with  2n  = 34  were  found.  The  pair  designated  by  an  asterisk 
is  a composite,  with  one  element  having  been  taken  from  a different 
spread.  There  are  11  pairs  of  metacentric  or  submetacentric  elements, 
ranging  from  large  to  small  in  size  and  five  pairs  of  subtelocentric  or 
acrocentric  elements.  The  X is  a medium-sized  submetacentric  and  the 
Y is  a small  acrocentric.  The  karyotype  of  this  species  is  distinctive 
in  several  respects.  First,  the  marker  pair  with  the  secondary  constric- 
tion is  absent  or  at  least  not  apparent.  Second,  the  largest  subtelocen- 
tric chromosome  was  not  found  in  the  complements  of  other  species. 
If  this  pair  is  homologous  to  the  largest  pair  of  the  other  species,  then 
it  has  undergone  a pericentric  inversion. 
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Fig.  2. — The  standard  karyotypes  of  (a)  Myonycteris  torquata  6 (CM  58253),  2n  = 36, 
FN  = 66;  (b)  Lissonycteris  angolensis  $ (CM  58196),  2n  = 36,  FN  = 66;  (c)  Megalo- 
glossus  woermanni  6 (CM  58261),  2n  = 34,  FN  = 62. 
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Subfamily  Macroglossinae 

Megaloglossus  woermanni,  2n  = 34,  FN  = 62,  Fig.  2c. — The  au- 
tosomal complement  is  similar  to  that  of  Myonycteris.  However,  there 
is  one  additional  pair  of  large  metacentric  chromosomes  and  one  of 
the  small  metacentric  pairs  is  lacking.  The  X is  a medium-sized  meta- 
centric and  the  Y is  a small  metacentric. 

Discussion 

The  karyotypes  of  the  seven  species  reported  here  agree  well  with 
the  general  karyotypic  trend  thus  far  reported  in  the  family  Pteropo- 
didae  (Table  1).  The  works  of  several  authors  (Pathak,  1965#,  1965 b, 
1966,  and  1972;  Dulic  and  Mutere,  1973;  Peterson  and  Nagorsen,  1975; 
Yong  and  Dhaliwal,  1976)  have  shown  that,  in  most  species  of  both 
subfamilies,  karyotypes  are  characterized  by  similar  diploid  numbers 
(34-38)  with  most  elements  being  biarmed.  The  species  examined  here 
possess  diploid  numbers  of  34,  35,  and  36  and  hence  represent  chro- 
mosomal complements  like  those  which  appear  most  commonly  in  the 
family  (Table  1).  Despite  the  overall  similarity,  there  are  certain  dif- 
ferences worthy  of  note  which  may  be  of  systematic  significance. 

The  karyotypes  of  Lissonycteris  angolensis  and  Myonycteris  tor- 
quata  (Figs.  2a,  2b)  are  indistinguishable  from  each  other  and  differ 
from  that  illustrated  by  Dulic  and  Mutere  (1973)  for  Rousettus  aegyp- 
tiacus  only  in  the  morphology  of  the  Y chromosome  (which  may  be 
an  artifact  of  preparation).  These  three  genera  have  been  considered 
closely  related  or  congeners  (Andersen,  1912;  Rosevear,  1965)  and  the 
karyotypic  data  certainly  supports  a close  relationship. 

The  genera  Epomops,  Hypsignathus,  Epomophorus , and  Microp- 
teropus  constitute  a closely  related  assemblage  of  species  based  on 
morphology  (Rosevear,  1965;  Ellerman  et  al.,  1953).  Simpson  (1945) 
had  regarded  these  as  congeners  but  the  work  of  Ellerman  et  al.  (1953) 
re-established  them  as  separate  genera.  Chromosomally,  these  four 
genera  appear  to  be  similar  as  well.  The  small  pair  of  acrocentrics 
characteristic  of  Lissonycteris  and  Myonycteris  is  absent  in  all  four 
and  all  possess  13  rather  than  12  pairs  of  metacentric-submetacentric 
elements.  The  karyotypes  of  Epomophorus  wahlbergi  and  E.  anurus 
figured  by  Dulic  and  Mutere  (1973)  are  indistinguishable  from  those  of 
Epomops  franqueti  (Peterson  and  Nagorsen,  1975;  and  this  paper)  and 
Hypsignathus  monstrosus,  and  further  supports  the  contention  of  a 
close  relationship. 

Micropteropus  pusillus  is  similar  to  Epomops  and  Hypsignathus  but 
is  chromosomally  distinctive.  This  species  does  possess  the  13  pairs 
of  metacentric-submetacentric  elements,  but  it  is  lacking  one  pair  of 
medium-sized  subtelocentric  chromosomes.  Additionally,  the  males 
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Fig.  3. — The  standard  karyotype  of  Scotonycteris  ophiodon  6 (CM  58255),  2n  = 34, 
FN  = 62.  The  pair  marked  with  an  asterisk  is  a composite  from  two  spreads. 


(only  males  were  examined)  possess  a different  sex-determining  sys- 
tem which  consists  of  three  unpaired  chromosomes — a subtelocentric 
X,  a submetacentric  Y1}  and  a small  subtelocentric  Y2.  This  suggests 
that  Micropteropus  is  derived  relative  to  the  other  genera,  but  the 
exact  relationship  is  unclear  at  present. 

The  genus  Scotonycteris  also  has  been  considered  congeneric  with 
Epomops  (Simpson,  1945).  However,  the  karyotype  of  Scotonycteris 
ophiodon  is  distinctive,  not  only  relative  to  Epomops  but  to  the  other 
species  examined  as  well.  This  species  possesses  11  pairs  of  metacen- 
tric-submetacentric  elements,  as  does  Megaloglossus  woermanni  but, 
in  addition,  there  are  four  pairs  of  subtelocentric  elements,  one  of 
which  is  the  second  largest  member  of  the  complement.  The  pair  of 
small  acrocentric  chromosomes  may  represent  a character  shared 
with  Lissonycteris,  Myonycteris,  and  Megaloglossus,  but  this  remains 
to  be  conclusively  demonstrated. 

The  karyotype  of  Megaloglossus  woermanni  is  similar  to  those  fig- 
ured by  Yong  and  Dhaliwal  (1976)  for  Macroglossus  lagochilus,  M. 
minimus,  and  Eonycteris  spelaea.  Megaloglossus,  however,  differs  in 
possessing  additions  to  the  short  arms  of  two  of  the  subtelocentric 
elements,  leaving  only  two  pairs  in  the  subtelocentric  condition. 
Whereas  the  diploid  number  of  Megaloglossus  is  the  same  as  that  of 
Macroglossus,  the  morphology  of  the  Y (metacentric)  is  like  that  of 
Eonycteris.  The  X for  all  three  genera  apparently  is  the  same. 

The  species  examined  in  this  study  can  be  separated  into  four  groups 
based  on  chromosomal  data.  Lissonycteris  angolensis  and  Myonyc- 
teris torquata  make  up  the  first  group,  characterized  by  the  presence 
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of  the  small  acrocentric  pair  and  only  12  pairs  of  metacentric-sub- 
metacentric  elements.  Megaloglossus  shares  some  features  (the  ac- 
rocentric pair)  with  this  group,  but  is  distinctive  in  possessing  one 
fewer  small  and  one  additional  large  metacentric  pair,  and  comprises 
the  second  group.  Epomops,  Hypsignathus,  and  Micropteropus  make 
up  a third  group  which  is  identified  by  the  common  absence  of  the 
small  acrocentric  pair  and  the  presence  of  13  pairs  of  metacentric- 
submetacentric  elements.  Micropteropus  is  distinctive,  however,  with 
a presumably  derived  sex-determining  system,  and  one  fewer  subtelo- 
centric  pair.  Scotonycteris  makes  up  the  fourth  group,  and  is  chro- 
mosomally  distinct.  However,  this  species  may  share  characteristics 
with  the  other  three  groups. 

Within  the  family  Pteropodidae,  diploid  and  fundamental  numbers 
are  similar  in  most  cases  and  only  two  species  are  radically  different 
( Balionycteris , 2n  = 24  and  Penthetor,  2n  = 48;  Yong  and  Dhaliwal, 
1976).  Because  of  the  high  degree  of  karyological  similarity  among 
taxa,  chromosomal  studies  of  these  bats  involving  nondifferentially 
stained  preparations  will  be  of  limited  utility.  At  the  species  level,  it 
is  probable  that  most  or  all  species  within  a genus  will  display  the  same 
or  very  similar  chromosomal  characteristics.  At  the  generic  level  or 
higher,  however,  some  conclusions  may  be  reached  based  on  standard 
karyotypes,  as  illustrated  in  the  present  study. 

The  family  Phyllostomatidae  (Microchiroptera)  represents  a parallel 
to  the  situation  in  the  megachiropterans.  Within  this  family,  many  taxa 
possess  karyotypes  with  diploid  numbers  of  30  or  32  and  fundamental 
numbers  of  56  to  60  (Baker,  1970,  1973,  1979).  The  widespread  occur- 
rence of  similar  karyotypes  was  taken  as  an  indication  of  shared  ho- 
mology between  taxa.  That  this  is  not  the  case  was  demonstrated  by 
studies  utilizing  G-  and  C-banding  (Patton  and  Baker,  1978;  Baker  and 
Bass,  1979;  Baker  et  al.,  1979).  G-banding  allows  for  the  more  accurate 
identification  of  homologous  segments  and  it  has  been  demonstrated 
that  although  the  number  and  general  morphology  of  linkage  groups 
(chromosomal  arms)  may  be  similar  in  many  taxa,  they  have  been 
derived  independently  and  are  not  homologous  (Patton  and  Baker, 
1978). 

In  the  megachiropterans,  the  high  incidence  of  diploid  numbers  of 
34-36  and  fundamental  numbers  of  58-68  may  be  misleading  in  that 
the  homology  suggested  by  overall  similarity  of  karyotypes  may  be 
lacking.  G-banding  will  allow  a more  accurate  assessment  of  homology 
which  will  be  of  utility  in  systematic  studies  within  this  family.  Com- 
parisons of  G-band  homology  will  be  of  systematic  importance  in  the 
study  of  relationships  between  species  and  higher  taxa  and  should 
provide  insight  into  the  types  and  sequences  of  rearrangements  in- 
volved in  the  evolution  of  megachiropterans. 
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Abstract 

An  experimental  perturbation  study  was  performed  on  a natural  population  of  eastern 
chipmunks,  Tamias  striatus , inhabiting  a peninsula  supporting  a fairly  mature  deciduous 
forest.  Animals  were  marked  and  recaptured  during  a 4-week  preperturbation  period 
and  their  home  ranges  and  centers  of  activity  were  determined.  During  the  second  4- 
week  phase  of  the  study,  49  of  the  69  resident  chipmunks  were  removed  from  the  study 
area;  the  remaining  20  animals  had  well-established  home  ranges  and  centers  of  activity 
on  the  upper  half  of  the  study  area,  allowing  one-half  of  the  study  area  to  remain  free 
of  chipmunks.  Shifts  in  home  range  and  center  of  activity  were  noted  for  the  period 
during  which  this  artificial  reduction  in  population  density  was  maintained;  although 
home  range  and  center  of  activity  shifts  were  observed  for  some  animals,  size  of  home 
range  did  not  increase  in  response  to  the  reduced  density.  There  was,  however,  a sta- 
tistically significant  movement  of  animals  onto  the  vacated  section  of  the  study  area. 
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This  migration  of  chipmunks  was  essentially  limited  to  juvenile  animals,  and  it  is  sug- 
gested that  behavioral-territorial  pressures  from  adults  may  have  prompted  the  reloca- 
tion of  home  ranges  by  juveniles. 


Introduction 

The  various  spatial  parameters  of  animal  movements  have  long  been 
considered  important  ecological  attributes  of  a species  (Seton,  1909; 
Blair,  1940a,  1940b,  1953;  Burt,  1940,  1943;  Hayne,  1949).  In  the  past, 
care  was  taken  to  distinguish  between  home  range  and  territory  (Burt, 
1943),  and,  more  recently,  between  home  range  and  core  area  (Kauf- 
mann,  1962;  Dunford,  1970).  Some  studies,  however,  have  tended  to 
blur  the  distinctions  between  home  ranges,  territories,  and  core  areas 
(Mohr  and  Stumpf,  1966;  Ickes,  1974;  Elliott,  1978;  Yahner,  1978).  As 
we  learn  more  and  more  about  small  mammal  movements,  it  becomes 
apparent  that  there  is  an  energetic  component  (involving  metabolic 
energy  and  food  resource  availability)  that  is  important  in  determining 
the  home  range  size  of  many  species  (McNab,  1963).  Recent  studies 
tend  to  reinforce  the  theoretical  ideas  first  proposed  by  McNab  (Mares 
et  al.,  1976;  Mares  et  al.,  in  preparation;  Harestad  and  Bunnell,  1979). 
Although  there  have  been  a vast  number  of  home  range  studies  for 
many  small  mammals,  a number  of  recent  papers  have  centered  on  the 
eastern  chipmunk,  Tamias  striatus.  The  main  reasons  for  this  are  that 
chipmunks  are  territorial,  are  easy  to  observe  and  trap,  and  maintain 
fairly  dense  populations.  The  fine  works  of  Ickes  (1974),  Yahner 
(1978),  and  Elliott  (1978),  in  particular,  have  clarified  many  aspects  of 
the  basic  biology  of  this  species,  making  it  an  ideal  animal  for  further 
experimental  studies. 

In  this  paper  we  examine  the  home  range  response  of  chipmunks  to 
a sudden  decrease  in  population  density  on  a study  grid.  In  an  earlier 
study  (Mares  et  al.,  1976),  we  showed  that  chipmunks  alter  their  move- 
ments very  quickly  in  response  to  changes  in  food  abundance.  The 
population  density  on  the  study  area  also  increased  rapidly  as  addi- 
tional food  was  made  available  to  the  animals.  Originally,  it  was  not 
known  if  the  rapid  population  increase  had  prompted  the  reduced  home 
ranges  (due  to  increased  territorial  pressures),  or  if  nonresident  chip- 
munks had  moved  onto  the  study  grid  only  after  general  chipmunk 
movement  was  restricted  in  response  to  the  elevated  food  resource. 
Another  study  (Mares  et  al.,  in  preparation)  shows  that;  1)  home 
ranges  decrease  with  increasing  food  availability  regardless  of  the  dis- 
tribution of  the  resource  (random  or  clumped);  2)  home  ranges  in  an 
area  where  the  resident  chipmunk  population  had  been  halved,  with 
the  remaining  experimental  animals  having  home  ranges  which,  in  to- 
tal, encompassed  the  entire  grid,  neither  increased  nor  decreased  in 
response  to  decreased  population  density;  and  3)  when  abundant  food 
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Fig.  1. — Diagram  of  the  study  grid  with  the  centers  of  activity  of  the  20  experimental 
animals  in  the  preperturbation  period  indicated  by  the  animal  number.  Dots  indicate  the 
location  of  trapping  stations.  The  eight  animals  that  shifted  their  centers  of  activity  are 
shown  by  arrows  connecting  the  preperturbation  and  perturbation  period  centers  of 
activity. 


was  placed  in  the  home  ranges  that  had  not  varied  in  size  in  response 
to  the  lowered  population  density,  there  was  an  immediate  decrease 
in  home  range  size. 

The  results  presented  here  will  examine  the  effect  of  decreased  pop- 
ulation size  on  chipmunks  when  animals  are  removed  in  such  a manner 
that  a single  large  section  of  the  grid  is  left  devoid  of  resident  chip- 
munks. We  wished  to  determine  whether  there  are  any  population 
density  pressures  determining  home  range  size  or  location,  or  if  these 
properties  of  an  animal’s  home  range  are  perhaps  fixed  by  some  other 
factor. 


Methods 

The  study  area  is  located  at  the  Pymatuning  Laboratory  of  Ecology,  1.1  km  south  of 
Linesville,  Crawford  County,  Pennsylvania.  The  Laboratory  occupies  a large  peninsula 
which  extends  into  the  Pymatuning  Reservoir.  The  trapping  grid,  measuring  76  by  152 
m,  is  located  in  an  area  of  second-growth  hardwoods  and  low  shrubs.  The  study  area 
is  bordered  on  the  south  by  Sanctuary  Lake,  on  the  east  by  continuous  second-growth 
hardwood  forest,  and  on  the  west  and  north  by  open  grassy  fields.  The  primary  vege- 
tation consists  of  black  cherry  ( Primus  serotina ),  choke  cherry  ( P . virginiana),  black 
oak  ( Quercus  velutina),  and  white  oak  ( Q . alba)\  the  area  is  described  in  greater  detail 
elsewhere  (Graybill,  1970;  Tryon  and  Snyder,  1973;  Ickes,  1974;  Mares  et  al.,  1976). 
Sheet  metal  and  hardware  cloth  traps  ( 10  by  10  by  40  cm)  were  placed  at  15.2  m intervals 
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Table  1. — Log-likelihood  test  of  homogeneity  for  the  20  experimental  chipmunks.  The 
analysis  is  performed  on  2 by  2 contingency  tables  constructed  from  the  number  of 
captures  in  the  above  and  below  grids  during  the  two  experimental  phases,  incorporating 

Yates’  Correction. 


Animal 

number 

Age-sex 

df 

G value 

Level  of  significance 

1 

J 9 

1 

0.004 

P > .995 

NS 

3A 

Ac ? 

1 

0.000 

P > .995 

NS 

5 

A 6 

1 

1.982 

.5  > P > .1 

NS 

7 

A? 

1 

0.056 

.9  > P > .5 

NS 

9 

A9 

1 

0.037 

.9  > P > .5 

NS 

11 

Ac? 

1 

0.294 

.9  > P > .5 

NS 

18 

Jc? 

1 

3.414 

. 1 > P > .05 

NS 

21 

Ac? 

1 

4.129 

.05  > P > .025 

* 

22 

Ac? 

1 

0.105 

.9  > P > .5 

NS 

26 

Jc? 

1 

0.000 

P > .995 

NS 

37 

Jc? 

1 

0.505 

.5  > P > A 

NS 

42 

Jc? 

1 

10.572 

P < .005 

*** 

60A 

J 9 

1 

16.905 

P < .005 

*** 

94 

J 9 

1 

0.132 

.9  > P > .5 

NS 

115 

J 9 

1 

12.652 

P < .005 

* * * 

116 

J 9 

1 

11.171 

P < .005 

*** 

117 

SAc? 

1 

33.224 

P < .005 

*** 

121 

J 9 

1 

20.202 

P < .005 

*** 

124 

A9 

1 

46.608 

P < .005 

891A 

Ac? 

1 

2.888 

.5  > P > .1 

NS 

Total 

20 

167.190 

P < .005 

*** 

Pooled 

1 

74.660 

P < .005 

*** 

Heterogeneity 

19 

92.530 

P < .005 

*** 

J = Juvenile;  A = Adult;  SA  = Subadult. 

NS  = Not  significant;  * = Significant  at  .05;  ***  = Significant  at  .005. 


at  60  stations  (Fig.  1).  Two  traps  were  set  at  each  station  and  baited  with  two  or  three 
sunflower  seeds  each  day  at  0900  h.  Traps  were  checked  two  to  three  times  a day  and 
closed  every  evening  by  1800  h.  Animals  were  sexed,  weighed,  aged,  and  marked  by  toe 
clipping. 

In  order  to  examine  the  effect  of  a change  in  population  density  on  home  range 
dynamics,  the  study  was  divided  into  two  phases.  During  the  first  phase  (29  May  to  27 
June  1977),  the  population  on  the  grid  was  censused  until  residents  were  captured  a 
sufficient  number  of  times  to  yield  a good  estimate  of  home  range  size  and  location 
under  nonperturbation  conditions.  The  minimum  area  method  of  home  range  (Shekel, 
1954)  was  used  in  all  analyses.  A separate  study  (Mares  et  al.,  1980)  shows  that  15 
captures  are  required  for  an  adequate  home  range  determination;  thus,  we  regarded  15 
as  a minimum  value  for  home  range  calculation. 

During  the  second  (or  perturbation)  phase  of  the  experiment  (28  June  to  29  July  1977), 
the  study  area  was  divided  in  half  by  a diagonal  line  (Fig.  1).  A diagonal  division  was 
required  because  we  wished  half  of  the  grid  to  include  entirely,  or  almost  entirely,  the 
home  ranges  of  20  resident  chipmunks.  In  a previous  study  (Mares  et  al.,  in  preparation), 
20  individuals  were  left  evenly  spaced  over  the  entire  grid;  no  changes  in  the  location 
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Table  2. — Home  range  (m2)  for  chipmunks  that  significantly  shifted  their  home  range 
during  the  perturbation  period. 


Animal 

number 

Age-sex 

Home  range 

Change  in 
home  range 

before 

after 

21 

Ac5 

4,702.5 

683.5 

-4,019.0 

42 

Jc? 

3,704.6 

1,544.7 

-2,159.9 

60A 

J$ 

697.2 

505.8 

-191.4 

115 

J$ 

3,116.8 

2,611.0 

-505.8 

116 

J? 

970.6 

5,304.0 

4,334.4 

117 

SA61 

697.2 

943.2 

246.1 

121 

J$ 

2,529.0 

1,585.7 

-943.2 

124 

A$ 

396.4 

2,816.0 

2,419.6 

A = Adult;  J = Juvenile;  SA  = Subadult. 


or  size  of  home  ranges  occurred.  In  this  report,  we  wished  to  determine  whether  home 
range  size  and/or  location  change  in  response  to  the  removal  of  chipmunks  from  an 
adjoining  area,  and  whether  the  apparent  fixity  of  home  range  parameters  noted  in  the 
earlier  study  was  an  artifact  of  the  experimental  design’s  having  left  no  section  of  the 
grid  outside  of  some  chipmunk's  home  range.  The  present  study  was  also  designed  to 
have  age  and  sex  categories  equally  represented  in  the  experimental  groups  on  the  grid 
during  the  second  phase.  The  other  49  residents  and  all  other  transients  were  removed 
from  the  grid  and  housed  in  a separate  holding  facility.  Immigration  onto  the  grid  was 
minimal  during  the  second  phase  of  the  study.  The  trapping  procedures  and  methods 
for  calculating  home  range  were  done  in  the  same  way  as  previously  described  for  the 
first  phase  of  the  experiment. 

Results 

The  20  experimental  animals  were  captured  a total  of  864  times — 
440  times  during  the  first  phase  and  424  times  during  the  second  phase 
of  the  study.  Mares  et  al.  (in  preparation)  have  shown  that  the  mean 
home  range  size  of  the  experimental  animals  did  not  change  as  a result 
of  decreased  density.  We  note  herein,  however,  that  there  were 
changes  in  the  location  of  home  ranges  as  a result  of  the  perturbation. 
Nonparametric  Log-likelihood  Ratio  analyses  were  performed  in  order 
to  statistically  elucidate  patterns  of  shift  in  home  range  position  as  a 
result  of  density  perturbations  (Table  2).  The  Pooled  analysis  ( P < 
0.005)  indicates  that  the  population  of  experimental  chipmunks,  con- 
sidered as  a whole,  altered  the  frequency  with  which  it  occupied  the 
upper  versus  lower  sections  of  the  grid.  The  separate  Individual  tests 
for  each  of  the  20  animals  identify  seven  individuals  which  significantly 
shifted  their  home  ranges  into  the  lower-density  portion  of  the  grid; 
one  animal  which  shifted  its  home  range  to  more  exclusively  occupy 
the  upper  grid;  and  12  animals  which  did  not  significantly  alter  the 
positions  of  their  home  ranges.  The  significant  Heterogeneity  test  ( P < 
0.005)  indicates  that  the  direction  of  home  range  shift  and/or  its  mag- 
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nitude  were  not  consistent  among  the  20  chipmunks.  The  Pooled 
test  (P  < 0.005)  indicates  that  despite  the  disparate  magnitudes  and 
directions  of  change,  home  range  positions,  in  general,  shifted  into  the 
vacated  portion  of  the  grid.  The  Total  statistic  ( P < 0.005)  further 
substantiates  the  finding  from  the  Pooled  analysis;  the  observed  set  of 
shifts  in  home  range  position  deviates  significantly  from  those  expected 
by  chance  alone. 

The  change  in  the  positions  of  the  centers  of  activity  (and  overall 
home  range)  of  the  experimental  animals  were  examined  to  determine 
exactly  which  animals  moved  their  burrow;  Elliott  (1978)  has  shown 
that  the  center  of  activity  and  burrow  location  are  essentially  concident 
in  chipmunks.  All  animals  that  shifted  their  center  of  activity  into  the 
lower  portion  of  the  grid  had  significant  individual  Log-likelihood  Ratio 
Tests  (Table  1),  which  means  that  a significant  proportion  of  captures 
made  during  the  second  period  were  made  in  the  lower  portion  of  the 
grid.  Only  one  of  nine  adults  (11.1%)  shifted  its  center  of  activity  into 
the  low  density  portion  of  the  grid,  while  six  of  1 1 young  animals 
(54.6%)  moved  into  that  portion  of  the  grid.  A one-tailed  t-test  of  the 
arcsine  transformations  of  these  percentages  (Sokal  and  Rohlf,  1969) 
indicates  that  they  are  not  equal  at  the  0.01  level  of  significance  (n1  - 
9,  n2  = 11;  ts  = 2.185,  P = 0.01).  Although  sample  sizes  are  small, 
the  implication  is  clear  that  juveniles  tended  to  move  more  than  adults. 
The  Wilcoxon  Matched  Pairs  Test  (Siegel,  1956)  indicates  that  there 
is  no  difference  in  the  home  range  size  of  the  eight  chipmunks  with  a 
significant  shift  determined  from  the  Log-likelihood  Test  (T  = 12,  N = 
8,  a = 0.05).  Because  juveniles  tended  to  differentially  move  into  the 
reduced  density  area,  we  also  examined  the  home  range  changes  for 
juveniles  with  a significant  Log-likelihood  Test.  Here,  too,  we  con- 
clude that  home  range  size  did  not  change  after  the  experimental  den- 
sity reduction  (Wilcoxon  Matched  Pairs  Test:  T = 5,N  = 6,  a = 0.05). 

Discussion 

It  has  been  inferred  that  home  range  size  is  negatively  correlated 
with  food  supply  (Allen,  1938;  Blair,  1940 b,  1951;  Young  et  al.,  1950); 
our  experimental  studies  with  chipmunks  support  this  idea  (Mares  et 
al.,  1976;  Mares  et  al.,  in  preparation).  Getz  (1961)  found  an  inverse 
relationship  between  population  density  and  size  of  home  range  in 
Microtus  pennsylvanicus  in  a marsh.  It  is  difficult  to  place  great  weight 
in  Getz’s  results,  however,  because  there  was  little  information  ob- 
tained on  food  availability  in  the  marsh,  and  because  home  ranges 
were  determined  on  the  basis  of  as  few  as  three  captures.  Maza  et  al. 
(1973)  reported  an  apparent  inverse  correlation  between  home  range 
size  and  population  density  in  Perogncithus  formosus  in  the  Great 
Basin  Desert,  although  statistical  support  was  not  given  for  this  ob- 
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servation,  and  the  inverse  correlation  was  not  significant  when  the 
data  were  examined  on  a seasonal  basis.  Forsyth  and  Smith  (1973) 
suggested  that  eastern  chipmunks  increased  their  home  range  size  in 
response  to  increased  density.  They  base  their  conclusion  on  an  in- 
crease in  home  range  size  by  four  individuals;  no  statistical  data  were 
presented.  Numerous  other  studies  (for  example,  Tevis,  1956;  Stickel, 
1960;  Brant,  1962)  have  suggested  an  inverse  relationship  betwen  home 
range  size  and  population  density.  As  we  report  elsewhere  in  detail 
(Mares  et  ah,  in  preparation),  and  parenthetically  in  this  paper,  home 
range  sizes  of  the  experimental  chipmunks  did  not  differ  significantly 
between  those  observed  during  the  preperturbation  period  and  those 
obtained  during  the  period  of  pronounced  reduction  in  population  den- 
sity. There  were,  however,  significant  shifts  in  the  location  of  home 
ranges  for  some  of  the  experimental  animals. 

Those  animals  that  moved  into  the  vacant  section  of  the  grid  had  a 
home  range  area  that  was  not  statistically  different  from  that  which 
had  been  determined  during  the  preperturbation  period  (Table  2).  Fur- 
ther, the  small  migration  of  chipmunks  occurred  from  an  area  whose 
density  was  actually  lower  than  the  usual  (preperturbation)  situation, 
to  an  area  that  was  free  of  animals.  It  is  important  to  note  that  this 
movement  of  chipmunks  involved  predominantly  young  animals.  Yah- 
ner  (1978)  has  shown  that  young  chipmunks  have  little  success  in  de- 
fending territories  against  older  individuals.  Indeed,  young  animals 
spend  much  of  their  time  avoiding  aggressive  interactions  with  adults. 
It  seems  that  this  great  interspecific  aggressive  pressure  of  old,  terri- 
torial adults  on  the  movements  of  young  animals  is  a primary  force  in 
dispersal  of  young.  Although  our  sample  size  was  small,  we  feel  that 
these  results  strongly  suggest  that  young  animals  may  be  forced  to 
seek  areas  free  of  adults  in  which  they  may  establish  home  ranges.  We 
surmise  that  during  periods  of  food  shortage,  when  adults  range  over 
larger  areas,  young  might  be  impelled  to  seek  new  habitats  supporting 
fewer  chipmunks.  Such  dispersal  by  young  animals  might  also  occur 
during  population  highs  when  there  are  increased  territorial  pressures 
by  adults  on  young. 
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Abstract 

| 

A new  species  of  the  phyllostomatine  genus  Tonatia  is  described  from  Suriname.  The 
! species  is  characterized  by  medium  size,  the  presence  of  small  wart-like  granulations  of 
the  dorsal  surfaces  of  the  forearm,  digits,  and  hind  limbs  and  on  the  ears  and  noseleaf, 
and  possessing  a unique  karyotype.  Two  specimens  of  the  species  were  taken  in  the 
rainforests  of  central  Suriname. 

Introduction 

Among  the  2,250  specimens  of  bats  collected  on  recent  Carnegie 
| Museum  of  Natural  History  field  expeditions  to  Suriname  are  50  in- 
dividuals of  the  phyllostomatine  genus  Tonatia.  There  appears  to  be 
five  species  represented  in  this  material.  The  commonest  species  are 
Tonatia  silvicola  and  Tonatia  bidens  (Genoways  and  Williams,  1979). 
We  also  have  two  individuals  of  small-sized  Tonatia,  which  is  consid- 
ered to  represent  a single  species,  brasiliense  (Gardner,  1976;  Hand- 
ley,  1976;  Koopman,  1978;  Genoways  and  Williams,  1979),  and  one 
specimen  of  the  relatively  rare  species,  Tonatia  carrikeri  (Husson, 
1978).  The  two  remaining  specimens  appear  to  combine  characteristics 
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Fig.  1. — Dorsal,  ventral,  and  lateral  views  of  the  cranium  and  lateral  view  of  the  lower 
jaw  of  the  holotype  of  Tonatia  schulzi  (CM  63687). 
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Fig.  2.— Dorsal  views  of  the  crania  of  five  species  of  Tonatia  from  Suriname.  From  left 
to  right,  T.  silvicola  (CM  52779),  T.  bidens  (CM  52776),  T.  carrikeri  (CM  63668),  T. 
schulzi  (CM  63687),  and  T.  brasiliense  (CM  52777). 


not  found  in  other  described  species  of  the  genus,  of  which  we  are 
aware,  and  are  therefore  considered  to  be  an  undescribed  species.  This 
new  species  is  named  and  described  below. 

Systematics 

Tonatia  schulzi,  new  species 

Holotype. — Adult  male,  skin  and  skull,  no.  63687  Carnegie  Museum 
of  Natural  History  (CM);  from  3 km  SW  Rudi  Kappelvliegveld,  320  m, 
Brokopondo,  Suriname  (3°46'N,  56°10'W);  obtained  on  1 October  1979 
by  Stephen  L.  Williams;  original  no.  4951;  karyotype  no.  TK  11270. 

Distribution. — The  species  is  known  only  from  the  type  locality  and 
the  nearby  locality,  1 km  N Rudi  Kappelvliegveld,  300  m (3°48'N, 
56°08'W).  Both  localities  are  within  the  Tafelberg  Nature  Reserve  in 
central  Suriname. 

Diagnosis. — Size  medium  for  the  genus  (Figs.  1,  2);  venter  slightly 
paler  than  dorsum  but  not  white;  forearm,  digits,  and  hind  limbs  pos- 
sessing small  wart-like  granulations  on  the  dorsal  surfaces;  granula- 
tions also  present  on  the  ears  and  noseleaf;  2N  = 28,  FN  = 36. 

Measurements. — External  measurements  of  the  holotype  followed 
by  those  of  the  paratype  are  as  follows:  total  length,  79,  78;  length  of 
tail,  12,  13;  length  of  hind  foot,  13,  14;  length  of  ear,  28,  29;  length  of 
calcar,  15,  16;  length  of  tragus,  11,  10;  length  of  noseleaf,  9,  10;  width 
of  noseleaf,  6,  6.  Length  of  forearm  and  cranial  measurements  for  T. 
schulzi  as  compared  with  other  species  of  Tonatia  occurring  in  Suri- 
name are  given  in  Table  1. 
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Fig.  3. — Tragus  of  five  species  of  Tonatia.  From  left  to  right,  T.  schulzi  (CM  63687),  T. 
brasiliense  (CM  63667),  T.  carrikeri  (CM  63668),  T.  silvicola  (CM  63674),  and  T.  bidens 
(CM  63659).  The  left  side  of  each  illustration  represents  the  inner  margin  of  the  tragus. 


Description. — Hairs  on  the  dorsum  about  7 to  8 mm  long;  base  of  the  hair  pale, 
becoming  almost  white;  remainder  of  the  hair  shaft  Sepia  in  the  holotype  and  Fuscous 
in  the  paratype  (capitalized  color  terms  from  Ridgway,  1912)  except  for  the  extreme  tip 
which  is  somewhat  paler.  Hairs  on  the  venter  about  6 mm  long;  basal  white  portion  of 
hair  half  or  more  of  the  length  of  the  shaft;  overall  coloration  of  the  venter  somewhat 
paler  than  dorsum  being  Drab  to  Grayish  Olive.  Postauricular  patches  thinly  haired  and 
paler  than  the  remainder  of  the  dorsum. 

Small  wart-like  granulations  present  on  the  holotype  on  the  dorsal  surfaces  of  the 
bones  of  the  wings  and  hind  legs;  including  the  thumbs,  calcars,  and  all  but  the  distal 
phalanges  of  each  digit.  Granulations  visible  on  both  surfaces  of  the  ear  and  as  a central 
vertical  ridge  on  the  noseleaf.  Granulations  definitely  present  on  the  paratype,  but  not 
as  extensive  as  on  the  holotype;  present  on  the  forearms,  metacarpels,  tibias,  ears,  and 
noseleaf.  These  granulations  appear,  at  least  superficially,  to  be  similar  to  those  found 
on  Neoplatymops  mattogrossensis  (Peterson,  1965). 

Tragus  attenuated  but  with  a distinct  projection  on  the  inner  margin  (Fig.  3).  Warts 
on  the  lower  lip  arranged  in  an  outer  and  inner  U-shaped  pattern.  Single  low  bands 
running  from  each  ear  meet  near  the  middle  of  the  forehead.  Calcar  longer  than  the  hind 
foot. 

Size,  both  external  and  cranial,  intermediate  for  the  genus  being  closest  to  T.  carrikeri. 
Dental  formula  2/1,  1/1,  2/3,  3/3.  Outer  upper  incisors  reduced  in  size  with  the  canines 
nearly  touching  the  medial  incisors;  lower  incisors  not  enlarged;  middle  lower  premolar 
reduced  in  size  but  still  in  the  line  of  the  toothrow.  A sagittal  crest  present  in  both 
specimens  but  not  highly  developed. 

Karyotype  consisting  of  five  pairs  of  biarmed  elements  and  nine  pairs  of  acrocentric 
elements;  X-chromosome  and  Y-chromosome  acrocentric;  2N  = 28  and  FN  = 36  (see 
Honeycutt  et  al.,  1980,  for  additional  discussion  and  a figure  of  this  karyotype). 

Comparisons. — Size  alone  is  nearly  sufficient  to  distinguish  T. 
schulzi  from  other  members  of  the  genus.  It  is  much  smaller  than  T. 
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bidens,  T.  evotis  (Davis  and  Carter,  1978),  and  T.  silvicola  and  much 
larger  than  T.  brasiliense.  The  species  nearest  to  T.  schulzi  in  size  is 
T.  carrikeri  \ however,  carrikeri  seems  to  be  somewhat  larger  than 
schulzi  in  most  measurements  (see  Table  1 and  Swanepoel  and  Gen- 
oways, 1979).  T.  schulzi  is  further  distinguished  from  carrikeri  by  the 
color  of  the  venter.  In  carrkeri,  the  underparts  are  pure  white  except 
on  the  chin  and  sides  of  the  abdomen,  whereas  in  schulzi  the  under- 
parts are  uniformly  Drab  to  Grayish  Olive  although  the  bases  of  the 
hairs  are  white. 

The  presence  of  small  wart-like  granulations  on  the  dorsal  surfaces 
of  the  forearms,  digits  and  hind  legs  and  on  the  ears  and  noseleaf  of 
T.  schulzi  is  a characteristic  found  in  no  other  member  of  the  genus, 
or  any  other  phyllostomatid  bat.  The  tragus  of  T.  schulzi  appears  to 
differ  from  that  of  the  other  four  species  of  Tonatia  in  Suriname,  with 
the  projection  on  the  inner  edge  of  the  tragus  of  T.  schulzi  being  more 
prominent  than  on  the  other  species  (Fig.  3).  The  karyotype  of  T. 
schulzi  (2N  = 28,  FN  = 36)  differs  from  T.  brasiliense  (2N  8 30, 
FN  = 56),  T.  bidens  (2N  = 16,  FN  = 20),  T.  silvicola  (2N  = 34,  FN  = 
60),  and  T.  carrikeri  (2N  = 26,  FN  = 46),  but  the  karyotype  of  T. 
evotis  is  not  known  (Baker,  1979). 

In  addition  to  the  characters  above  T.  schulzi  differs  from  T.  bidens 
in  the  size  of  the  lower  incisors.  T.  schulzi  resembles  other  members 
of  the  genus  in  having  narrow  lower  incisors  rather  than  the  broad 
incisors  of  T.  bidens.  The  sagittal  crest  is  present  in  T.  schulzi  but  it 
is  not  as  highly  developed  as  in  T.  silvicola. 

Remarks. — Tonatia  schulzi  clearly  has  all  of  the  generic  character- 
istics of  Tonatia.  However,  the  numerous  unique  characteristics  of 
the  species  make  it  impossible  to  determine  its  relationships  within  the 
genus.  Not  even  karyological  data  can  aid  with  determination  of  re- 
lationships at  this  time  (Honeycutt  et  al.,  1980). 

The  specimens  were  obtained  in  the  Tafelberg  Nature  Reserve  in 
central  Suriname  (Schulz  et  al.,  1977).  The  vegetation  around  the  base 
of  Table  Mountain  consists  of  virgin  lowland  and  lower  montane  rain- 
forest except  in  the  Kappel  Savanna.  Our  localities  were  near  the 
savannah  but  well  within  the  rainforest.  At  1 km  N Rudi  Kappel- 
vliegveld,  our  nets  were  set  on  a hillside  above  a small  stream.  The 
overstory  of  the  rainforest  consisted  of  trees  100  or  more  feet  tall.  The 
understory  was  moderately  dense  consisting  of  ferns,  palms,  and 
broadleafed  species.  At  3 km  SW  Rudi  Kappel vliegveld,  the  habitat 
was  quite  similar  although  there  was  no  stream  in  the  area  and  the 
understory  was  not  quite  as  dense.  At  the  first  locality,  the  specimen 
was  taken  about  1 1 PM,  whereas  at  the  latter  place,  it  was  taken  before 
7 PM.  Other  species  of  bats  that  were  collected  with  the  holotype  and 
paratype  included  Saccopteryx  bilineata,  S.  leptura,  Pternonotus  par- 
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nellii,  Chrotopterus  auritus,  Micronycteris  megalotis,  M.  nicefori, 
Mimon  crenulatum,  Phylloderma  stenops,  Phyllostomus  discolor , P. 
elongatus,  P.  hastatus,  P.  latifolius,  Tonatia  bidens,  Anoura  caudifer, 
Lonchophylla  thomasi,  Carollia  perspicillata , Rhinophylla  pumilio, 
two  large  species  of  Artibeus  (currently  under  investigation  to  deter- 
mine taxonomic  relationship),  Uroderma  bilobatum,  and  Vampyrops 
helleri. 

Etymology. — It  is  our  pleasure  to  name  this  species  in  honor  of  Dr.  Joop  P.  Schulz, 
Director  of  STINASU  (Foundation  for  Nature  Preservation  in  Suriname)  in  recognition 
of  the  work  that  he  has  done  in  establishing  an  extensive  system  of  Nature  Reserves  in 
Suriname.  We  are  particularly  grateful  to  Dr.  Schulz  for  the  assistance  that  he  has  given 
us  during  our  work  in  Suriname. 
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Abstract 

The  occurrence  of  14  species  of  bats  previously  unknown  in  Suriname  are  docu- 
mented, making  a total  of  85  species  of  bats  known  to  occur  in  the  country.  The  new 
records  include  Pteronotus  personatus,  Chrotopterus  auritus,  Micronycteris  daviesi,  M. 
sylvestris , Phyllostomus  latifolius,  Choeroniscus  godmani,  C.  intermedius,  Lionycteris 
spurrelli,  Mesophylla  macconnelli,  Vampyressa  brocki,  Vampyrops  brachycephalus, 
Rhogeessa  tumida,  Molossops  abrasus,  and  M.  greenhalli.  Additional  information  is 
provided  on  several  species  of  bats  already  known  to  occur  in  Suriname,  including 
Micronycteris  minuta,  M.  nicefori,  Phylloderma  stenops,  Tonatia  bidens,  T.  brasiliense, 
T.  carrikeri,  Vampyrum  spectrum,  Anoura  caudifer,  Carollia  brevicauda,  Rhinophylla 
pumilio,  Vampyressa  bidens,  and  Lasiurus  ega. 


Introduction 

In  his  classical  work,  Husson  (1962)  reported  58  species  of  bats  as 
i occurring  in  Suriname.  In  The  Mammals  of  Suriname,  Husson  (1978) 
brought  the  number  of  species  of  bats  to  60  (excluding  Myotis  suri- 
| namensis,  see  LaVal,  1973a).  The  total  subsequently  was  raised  to  70 
by  Genoways  and  Williams  (1979).  Finally,  with  the  recent  description 
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of  Tonatia  schulzi  (Genoways  and  Williams,  1980),  the  chiropteran  fau- 
na, prior  to  the  work  described  herein,  consisted  of  71  species. 

Our  material  resulted  from  fieldwork  in  Suriname  that  was  con- 
ducted primarily  between  10  August  and  9 October  1979,  which  re- 
sulted in  the  collection  of  960  specimens  of  bats  representing  approx- 
imately 62  species.  Fourteen  of  these  never  have  been  reported  from 
Suriname,  although  Husson  (1978)  speculated  that  four  of  the  species 
probably  occurred  in  the  country.  These  new  records  are  discussed 
below.  Information  also  is  provided  for  12  other  species  of  bats,  all 
previously  reported  from  Suriname,  which  adds  significantly  to  data 
available  in  previous  works  (Husson,  1962,  1978;  Genoways  and  Wil- 
liams, 1979).  The  number  of  bat  species  known  to  occur  in  Suriname 
is  now  85. 


Methods  and  Materials 

All  of  our  specimens,  unless  otherwise  indicated,  were  captured  in  mist  nets  in  the 
months  of  August,  September,  and  October  1979,  and  were  prepared  as  fluid-preserved 
specimens  or  as  standard  museum  skins  accompanied  by  skulls.  Supplimental  data  re- 
corded for  most  of  these  specimens  included  standard  karyotypes,  live  tissue  for  chro- 
mosomal banding,  frozen  tissue  for  electrophoretic  analysis,  and  tissue  for  anatomical 
studies.  The  specimens  are  deposited  in  the  Section  of  Mammals  of  Carnegie  Museum 
of  Natural  History  and  synoptic  series  will  be  returned  to  Suriname  in  care  of  STINASU 
for  deposition  in  their  reference  collection. 

Forearm  and  cranial  dimensions  were  taken  with  dial  calipers  accurate  to  0. 1 mm. 
Unless  otherwise  indicated,  all  specimens  are  considered  to  be  adults  as  indicated  by 
completely  fused  phalangeal  epiphyses.  Measurements  taken  in  this  study  included 
length  of  forearm,  greatest  length  of  skull,  condylobasal  length,  zygomatic  breadth, 
mastoid  breadth,  postorbital  breadth,  length  of  maxillary  toothrow,  and  breadth  across 
upper  molars.  Genoways  and  Williams  (1979)  have  described  how  these  measurements 
are  taken.  Statistics  presented  in  this  study  were  calculated  with  a Texas  Instruments 
SR-51A  calculator. 

Field  weights  in  grams  were  taken  with  Pesola  spring  scales.  The  reproductive  con- 
dition of  skin/skull  specimens  was  determined  by  gross  dissection  in  the  field,  whereas 
fluid-preserved  specimens  were  dissected  in  the  laboratory.  Crown-rump  length  of  fe- 
tuses and  testes  lengths  of  males  are  given  in  millimeters. 
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Species  Accounts 

Pteronotus  personatus  personatus  (Wagner) 

Specimens  examined  (2).— Nickerie:  Grassalco,  4°46'N,  56°46'W,  2. 

Remarks. — Our  specimens  of  P.  personatus  are  the  first  to  be  re- 
ported from  Suriname  and  confirm  speculations  of  Husson  (1962,  1978) 
that  this  species  occurs  in  the  country.  Our  records  extend  the  known 
range  of  the  species  in  South  America  about  700  km  to  the  southeast. 
At  the  present  time  two  species  of  Pteronotus  are  known  to  occur  in 
Suriname— P.  parnellii  and  P.  personatus  (Husson,  1962,  1978;  Gen- 
oways and  Williams,  1979).  These  species  are  easily  differentiated  by 
size. 

Both  specimens  of  P.  personatus,  a male  and  female,  were  collected 
between  2000  and  2030  hours  on  7 September.  The  male  weighed  8 
and  had  testes  that  measured  5;  the  female  weighed  9 and  was  not 
pregnant.  The  collecting  locality  was  located  along  a small  river,  about 
15  m wide,  with  many  logs  and  boulders  protruding  from  the  surface 
of  the  water.  The  surrounding  vegetation  consisted  of  secondary  trop- 
ical jungle  and  hardwood  forest.  Mist  nets  were  set  up  in  the  vicinity 
of  the  Grassalco  headquarters  buildings,  across  the  river  in  three  areas, 
and  along  a trail  that  passed  through  a hardwood  forest  in  which  all 
undergrowth  had  been  cleared.  The  trail  was  about  50  m from  the 
river.  Species  of  bats  collected  over  the  river  with  our  specimens  of 
P.  personatus  included  Rhynchonycteris  naso,  Noctilio  leporinus, 
Anoura  caudifer,  Choeroniscus  intermedius , Lonchophylla  thomasi, 
Artibeus  cinereus,  two  large  species  of  Artibeus  (currently  under  in- 
vestigation to  determine  taxonomic  relationships),  Chiroderma  trini- 
tatum,  Vampyressa  brocki,  Vampyrops  helleri,  Myotis  albescens , Mo- 
lossops  abrasus,  M.  greenhalli,  and  Molossus  molossus.  Species 
collected  in  the  adjacent  forest  included  Pteronotus  parnellii,  Tonatia 
bidens,  Anoura  caudifer,  Carollia  brevicauda,  C.  perspicillata,  two 
large  species  of  Artibeus,  and  Sturnira  lilium. 

We  follow  the  review  of  the  family  Mormoopidae  by  Smith  (1972) 
in  using  Pteronotus  for  the  generic  name  of  personatus  instead  of 
Chilonycteris,  as  was  used  by  Husson  (1962,  1978).  The  name  Chilo- 
nycteris  is  considered  by  Smith  (1972)  to  be  a subgenus  of  Pteronotus. 
The  subspecies  P.  p.  personatus  has  been  reported  previously  from 
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Costa  Rica,  Panama,  Colombia,  Venezuela,  and  Trinidad  (Smith, 
1972). 

External  and  cranial  measurements  of  our  two  specimens  (male  fol- 
lowed by  female)  are  as  follows:  length  of  forearm,  48.4,  48.9;  greatest 
length  of  skull,  16.2,  16.7;  condylobasal  length,  14.8,  15.2;  zygomatic 
breadth,  9.0,  9.1;  mastoid  breadth,  8.7,  9.1;  postorbital  breadth,  3.5, 
3.5;  length  of  maxillary  toothrow,  6.6,  6.1;  breadth  across  upper  mo- 
lars, 6.2,  6.0. 


Chrotopterus  auritus  guianae  Thomas 

Specimens  examined  (3). — Brokopondo:  3 km  SW  Rudi  Kappelvliegveld,  320  m, 
3°46'N,  56°10'W,  1.  Nickerie:  Sipaliwini  Airstrip,  2°02'N,  56°07'W,  1.  Saramacca: 
Raleigh  Falls,  4°44'N,  56°12'W,  1. 

Remarks. — Although  Husson  (1978)  speculated  that  C.  auritus 
might  occur  in  Suriname,  the  nearest  previous  records  of  this  species 
are  from  Guyana  (Hill,  1964). 

The  localities  of  our  specimens  form  a line  from  the  south-central 
extreme  of  the  country  to  a point  about  295  km  due  north.  The  spec- 
imen from  3 km  SW  Rudi  Kappelvliegveld,  a nonpregnant  female 
weighing  69,  was  obtained  at  about  2400  hours  on  1 October.  Mist  nets 
were  set  up  along  a trail  that  passed  through  a mature  tropical  forest 
having  moderate  groundcover.  Other  species  of  bats  collected  included 
Saccopteryx  bilineata,  S.  leptura,  Pteronotus  parnellii,  Micronycteris 
megalotis,  Mimon  crenulatum,  Phylloderma  stenops,  Phyllostomus 
elongatus , P.  latifolius,  Tonatia  bidens,  T.  schulzi , Lonchophylla  tho- 
masi,  Carollia  perspicillata,  Rhinophylla  pumilio,  two  large  species  of 
Artibeus,  and  Vampyrops  helleri.  At  the  Sipaliwini  Airstrip,  a young 
adult  male  that  weighed  60  and  had  testes  measuring  6 was  taken  at 
about  1900  hours  on  17  August  along  a wide  trail  (10  m)  that  passed 
through  dense  secondary  vegetation.  The  collecting  locality  was  about 
200  m from  the  Sipaliwini  River.  Rhynchonycteris  naso,  Phyllostomus 
elongatus,  Trachops  cirrhosus,  Anoura  geoffroyi,  Glossophaga  sori- 
cina,  Lonchophylla  thomasi,  Carollia  perspicillata,  Rhinophylla  pu- 
milio, Artibeus  cinereus,  Mesophylla  macconnelli,  Sturnira  tildae, 
Uroderma  bilobatum,  Vampyrops  helleri,  and  Molossus  molossus 
were  collected  at  the  same  locality  on  the  same  date.  At  Raleigh  Falls 
a male  weighing  67  with  testes  measuring  6 was  netted  at  about  1900 
hours  on  24  August  on  an  island  in  the  Coppename  River  that  serves 
as  the  primary  area  of  activity  for  the  Raleigh  Falls  Nature  Reserve. 
Mist  nets  were  set  along  a trail  (locally  termed  Foengoe  pasi)  on  the 
western  side  of  the  island,  about  200  m northeast  of  the  park  head- 
quarters and  about  50  m from  the  river.  The  local  vegetation  consisted 
of  near-mature  tropical  forest  with  little  ground  vegetation.  Other 
species  of  bats  collected  included  Saccopteryx  leptura,  Pteronotus 
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parnellii,  Micronycteris  daviesi,  Phylloderma  stenops,  Phyllostomus 
discolor , P.  elongatus,  P.  hastatus,  Trachops  cirrhosus,  Lonchophylla 
thomasi,  Carollia  brevicauda , C.  perspicillata,  Rhinophylla  pumilio, 
Artibeus  cine  reus,  two  large  species  of  Artibeus,  Sturnira  lilium,  Uro- 
derma  bilobatum,  and  Vampyrops  helleri. 

Chrotopterus  auritus  has  three  nominal  subspecies.  C.  a.  guianae 
occurs  in  South  America  between  Venezuela  and  northern  Brazil 
(Jones  and  Carter,  1976).  External  and  cranial  measurements  of  our 
specimens  (as  listed  above,  one  female  followed  by  two  males)  are  as 
follows:  length  of  forearm,  75.9,  74.2,  77.3;  greatest  length  of  skull, 
35.9,  34.3,  36.2;  condylobasal  length,  31.1,  29.1,  30.6;  zygomatic 
breadth,  19.4,  17.6,  18.9;  mastoid  breadth,  16.9,  15.9,  17.0;  postorbital 
breadth,  5.8,  6.3,  5.9;  length  of  maxillary  toothrow,  12.6,  12.3,  12.4; 
breadth  across  upper  molars,  12.3,  12.5,  11.5. 

Micronycteris  daviesi  (Hill) 

Specimen  examined  (1).—=Saramacca:  Raleigh  Falls,  4°44'N,  56°12'W,  1. 

Remarks Our  specimen  of  M.  daviesi  is  the  first  reported  occur- 
rence of  this  species  in  Suriname.  This  rare  species  was  previously 
known  only  from  Peru  (Koopman,  1978;  Tuttle,  1970),  Guyana  (Hill, 
1964),  Brazil  and  Panama  (Swanepoel  and  Genoways,  1979),  and  Costa 
Rica  (LaVal,  1977).  Raleigh  Falls  is  located  about  225  km  southeast  of 
type  locality  in  Guyana  (Hill,  1964). 

Our  specimen,  a male  weighing  18  and  with  testes  measuring  3,  was 
netted  at  about  2000  hours  after  a short  rainstorm  on  24  August.  Fur- 
ther details  about  the  conditions  under  which  this  specimen  was  col- 
lected are  discussed  in  the  account  of  Chrotopterus  auritus. 

This  species  was  originally  described  (Hill,  1964)  as  the  type  species 
of  the  genus  Barticonycteris.  Hill  believed  that  Barticonycteris  was 
most  closely  related  to  the  genus  Micronycteris,  particularly  the  sub- 
genus Gly phony cteris.  The  status  of  the  genus  Barticonycteris  has 
been  questioned  by  some  authors  (Koopman  and  Cockrum,  1967; 
Jones  and  Carter,  1976)  but  retained  by  others  (Tuttle,  1970;  Walker, 
1975;  LaVal,  1977).  Most  recently  Koopman  (1978)  has  pointed  out 
that  the  characteristics  of  Barticonycteris  are  those  of  the  subgenus 
Glyphonycteris  carried  one  step  further.  He,  therefore,  concluded  that 
Barticonycteris  is  best  included  in  the  genus  Micronycteris ; however, 
its  status  within  the  genus  is  presently  unclear.  Morphologically,  it  is 
closest  to  members  of  the  subgenus  Glyphonycteris,  but  c hro mo- 
soma]  ly  M.  daviesi  and  M.  ( Glyphonycteris ) sylvestris  are  quite  dis- 
tinct (Honeycutt  et  ah,  1980). 

At  the  present  time  six  species  of  Micronycteris  are  known  ot  occur 
in  Suriname — M.  brachyotis,  M.  daviesi,  M.  megalotis,  M.  minuta, 
M.  nice  fori,  and  M.  sylvestris.  M.  daviesi,  which  is  considered  to  be 
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monotypic  (Jones  and  Carter,  1976),  can  be  distinguished  easily  from 
the  other  species  by  its  larger  size. 

External  and  cranial  measurements  of  our  specimen  are  as  follows: 
length  of  forearm,  53.9;  greatest  length  of  skull,  25.8;  condylobasal 
length,  23.4;  zygomatic  breadth,  12.5;  mastoid  breadth,  10.8;  postor- 
bital breadth,  5.7;  length  of  maxillary  toothrow,  10.2;  breadth  across 
upper  molars,  9.0. 


Micronycteris  minuta  (Gervais) 

Specimens  examined  (6). — Brokopondo:  Brownsberg  Nature  Park,  8 km  S,  2 km  W 
Brownsweg,  4°55'N,  55°11'W,  2;  1 km  N Rudi  Kappelvliegveld,  300  m,  3°48'N,  56°08'W, 
1.  Commewijne:  Nieuwe  Grond  Plantation,  5°53'N,  54°54'W,  1.  Saramacca: Voltzberg, 
4°40'N,  56°12'W,  2. 

Remarks. — The  first  record  of  M.  minuta  from  Suriname  was  re- 
ported by  Genoways  and  Williams  (1979).  Our  new  records  extend  the 
known  distribution  of  M . minuta  in  Suriname  about  180  km  south  and 
120  km  west. 

On  24  September,  a male  and  female  M.  minuta  were  collected  at 
Brownsberg  Nature  Park.  The  male  weighed  5 and  had  testes  measur- 
ing 2;  the  female  weighed  5 and  was  lactating.  Mist  nets  were  placed 
along  trails  passing  through  mature  tropical  hardwood  forest  having 
little  ground  cover.  Other  species  of  bats  collected  at  this  place  in- 
cluded Pteronotus  parnellii,  Micronycteris  sylvestris,  Phylloderma 
stenops,  Phyllostomus  discolor,  P.  elongatus,  P.  latifolius,  Tonatia 
silvicola,  Lonchophylla  thomasi,  Rhinophylla  pumilio,  a large  species 
of  Artibeus,  and  Sturnira  tildae.  The  specimen  from  1 km  N Rudi 
Kappelvliegveld  was  obtained  on  28  September  in  a grassy  clearing 
that  was  surrounded  by  tall  tropical  forest.  This  specimen  was  a 5-g 
male  with  testes  measuring  2.  Other  species  collected  included  Phyl- 
lostomus elongatus,  P.  hastatus,  P.  latifolius,  Lonchophylla  thomasi, 
Ametrida  centurio,  Artibeus  cinereus,  two  large  species  of  Artibeus, 
and  Carollia  perspicillata.  The  specimen,  a nonpregnant  female  weigh- 
ing 8,  from  Nieuwe  Grond  Plantation  was  taken  on  12  September  in 
mist  nets  placed  across  the  lawns  and  gardens  in  the  vicinity  of  the 
plantation  buildings.  Other  bats  collected  included  Micronycteris  ni- 
cefori,  Mimon  crenulatum,  Phyllostomus  hastatus,  Glossophaga  so- 
ricina,  Carollia  perspicillata,  Artibeus  cinereus,  two  large  species  of 
Artibeus,  mesophylla  macconnellii,  and  Sturnira  lilium.  The  two  spec- 
imens from  Voltzberg  were  collected  28  August  along  a trail  that 
passed  through  mature  tropical  forest  with  little  ground  cover.  These 
specimens  were  a male  and  female  that  weighed  6 and  5,  respectively. 
Other  species  of  bats  taken  at  this  locality  included  Saccopteryx  bili- 
neata,  Pteronotus  parnellii,  Phylloderma  stenops,  Phyllostomus  elon- 
gatus, P.  hastatus,  Tonatia  bidens,  T.  carrikeri,  T.  silvicola,  Loncho- 
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phylla  thomasi,  Desmodus  rotundus , Rhinophylla  pumilio,  two  large 
species  of  Artibeus,  and  Vampyrops  helleri. 

External  and  cranial  measurements  of  our  three  males,  followed  by 
three  females,  are  as  follows:  length  of  forearm,  35.5,  33.7,  31.3,  31.8, 

35.1,  34.3;  greatest  length  of  skull,  18.5,  18.7,  17.3,  17.6,  18.1,  18.5; 
condylobasal  length,  15.9,  16.6,  15.3,  — , 16.1,  16.2;  zygomatic 
breadth,  8.5,  8.5,  8.5,  8.3,  8.7,  8.6;  mastoid  breadth,  8.8,  8.6,  8.1,  8.0, 
8.7,  8.8;  postorbital  breadth,  4.1,  4.1,  4.0,  4.1,  4.2,  4.1;  length  of  max- 
illary toothrow,  6.6,  6.8,  6.5,  6.7,  6.7,  6.4;  breadth  across  upper  mo- 
lars, 5.8,  5.8,  5.7,  5.4,  5.9,  5.8. 

Micronycteris  nicefori  Sanborn 

Specimens  examined  (2). — Brokopondo:  1 km  N Rudi  Kappelvliegveld,  300  m, 
3°48'N,  56°08'W,  1.  Commewijne:  Nieuwe  Grond  Plantation,  5°53'N,  54°54'W,  1. 

Remarks  .-—Micronycteris  nicefori  was  first  reported  from  Suriname 
by  Genoways  and  Williams  (1979).  On  30  September  another  specimen 
was  taken  at  1 km  N Rudi  Kappelvliegveld,  thus  extending  the  known 
range  of  this  species  in  Suriname  about  180  km  south  and  120  km  west 
from  the  previously  known  locality.  This  specimen,  a female  weighing 
8.5,  was  collected  along  a trail  that  passed  through  a mature  lowland 
tropical  forest  having  moderate  ground  cover.  Other  bat  species  col- 
lected there  included  Micronycteris  megalotis,  Phyllostomus  elonga- 
tus,  P.  hastatus,  Tonatia  schulzi,  Anoura  caudifer,  Lonchophylla  tho- 
masi, Rhinophylla  pumilio,  and  Uroderma  bilobatum.  On  12 
September,  a female  M.  nicefori  was  taken  at  Nieuwe  Grond  Planta- 
tion. This  specimen  weighed  8,  evinced  no  reproductive  activity,  and 
differed  from  previously  recorded  specimens  (Genoways  and  Williams, 
1979)  in  having  a reddish  coloration;  like  the  other  specimens  from 
Suriname  a faint  dorsal  white  stripe  was  present.  Further  details  about 
the  conditions  under  which  this  specimen  was  obtained  are  discussed 
in  the  account  for  Micronycteris  minuta. 

External  and  cranial  measurements  of  our  two  females  (as  listed 
above)  are  as  follows:  length  of  forearm,  37.3,  38.6;  greatest  length  of 
skull,  20.3,  20.3;  condylobasal  length,  18.1,  18.0;  zygomatic  breadth, 

9.1,  9.2;  mastoid  breadth,  8.5,  8.5;  postorbital  breadth,  3.9,  3.9;  length 
of  maxillary  toothrow,  7.1,  7.2;  breadth  across  upper  molars,  6.1,  6.2. 

Micronycteris  sylvestris  (Thomas) 

Specimens  examined  (14).— Brokopondo:  Brownsberg  Nature  Park,  8 km  S,  2 km 
W Brownsweg,  4°55'N,  55°11'W,  14. 

Remarks. — Although  M.  sylvestris  is  known  from  several  countries 
in  northern  South  America  (Jones  and  Carter,  1976),  our  specimens 
represent  the  first  reported  occurrence  from  Suriname. 
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Our  specimens  were  collected  from  a hollow  tree  in  a mature  tropical 
hardwood  forest.  Eight  were  collected  at  about  1800  hours  on  24  Sep- 
tember. The  conditions  under  which  they  were  taken  are  discussed  in 
the  account  for  Micronycteris  minuta.  Six  additional  specimens  of  M. 
sylvestris  were  removed  from  the  hollow  tree  on  the  following  day. 
Four  males  weighed  6,  6,  7,  and  7;  each  had  testes  that  measured  3. 
Eight  females  had  weights  ranging  from  7.5  to  11  with  mean  weight  of 
9.3.  None  of  these  females  evinced  reproductive  activity. 

The  generic  name  Glyphonycteris  has  been  used  in  referring  to  M. 
sylvestris  (Andersen,  1906;  Linares,  1969;  Handley,  1976).  Although 
M.  sylvestris  possesses  some  distinctive  characteristics  as  compared 
with  other  Micronycteris , we  agree  with  Sanborn  (1949)  and  Honey- 
cutt et  al.  (1980)  that  these  differences  do  not  warrant  separate  taxo- 
nomic designation  at  the  generic  level.  At  the  present  time  M.  sylves- 
tris is  one  of  six  species  of  Micronycteris  known  to  occur  in  Suriname. 
It  is  similar  to  M . daviesi  in  having  caniform  upper  incisors  and  in 
being  relatively  larger  than  the  other  species  of  the  genus.  It  can  be 
further  distinguished  externally  by  having  tricolored  dorsal  hair  (sim- 
ilar to  Caro  Ilia  perspicillata ) and  ears  that  are  about  as  broad  as  they 
are  long.  M.  sylvestris  is  considered  to  be  monotypic  (Jones  and  Car- 
ter, 1976). 

Means,  ranges  (in  parentheses),  and  two  standard  errors  of  external 
and  cranial  measurements  for  three  males,  followed  by  those  of  eight 
females,  are  as  follows:  length  of  forearm,  38.2  (37.0-39.2)  ± 1.29, 
40.5  (39.3-42.1)  ± 0.75;  greatest  length  of  skull,  19.7  (19.4-20.1)  ± 
0.40,  20.0  (19.5-20.5)  ± 0.27;  condylobasal  length,  17.4  (17.3-17.7)  ± 
0.27,  17.7  (17.0-18.4)  ± 0.33;  zygomatic  breadth,  9.8  (9.7-10.0)  ± 0.20, 
10.1  (9.8-10.2)  ±0.11;  mastoid  breadth,  8.6  (8. 5-8. 9)  ± 0.27,  9.0  (8.8- 
9.1)  ± 0.09;  postorbital  breadth,  4.6  (4. 5-4.7)  ± 0.13,  4.6  (4. 4-4. 7)  ± 
0.07;  length  of  maxillary  toothrow,  7.8  (7. 6-7. 9)  ± 0.18,  7.7  (7. 4-8.0) 
± 0.13;  breadth  across  upper  molars,  6.8  (6. 7-7.0)  ± 0.18,  6.9  (6.7— 
7.0)  ± 0.07. 

Phylloderma  stenops  stenops  Peters 

Specimens  examined  (7). — Brokopondo:  Brownsberg  Nature  Park,  8 km  S,  2 km  W 
Brownsweg,  4°55'N,  55°H'W,  1;  3 km  SW  Rudi  Kappelvliegveld,  320  m,  3°46'N, 
56°10'W,  2.  Nickerie:  Grassalco,  4°46'N,  56°46'W,  1.  Saramacca:  Raleigh  Falls, 
4°44'N,  56°12'W,  2;  Voltzberg,  4°40'N,  56°12'W,  1. 

Remarks. — The  only  known  record  of  P.  stenops  from  Suriname 
was  reported  from  Totness  (Genoways  and  Williams,  1979).  Since  that 
individual  was  taken,  seven  additional  specimens,  from  five  different 
localities,  have  been  collected.  These  additional  records  extend  the 
known  range  of  P.  stenops  in  Suriname  about  230  km  south  and  120 
km  east.  The  conditions  under  which  specimens  from  Brownsberg 
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Nature  Park  and  Voltzberg  were  taken,  are  discussed  in  the  account 
for  Micronyeteris  minuta.  The  conditions  under  which  those  from  3 
km  SW  Rudi  Kappelvliegveld  (on  1 October)  and  Raleigh  Falls  were 
taken  are  discussed  in  the  account  for  Chrotopterus  auritus.  On  4 
October,  a second  specimen  from  3 km  SW  Rudi  Kappelvliegveld  was 
collected  along  with  Saccopteryx  bilineata,  Pteronotus  parnellii,  Phyl- 
lostomus  elongatus,  P.  latifolius,  Tonatia  bidens,  Trachops  cirrhosus, 
Carollia  perspicillata,  Rhinophylla  pumilio,  and  Vampyressa  bidens . 
At  Grassalco,  nets  were  set  along  a hillside  trail  that  passed  through 
secondary  hardwood  forest.  Other  species  of  bats  collected  at  that 
locality  with  P.  stenops  on  8 September  included  Tonatia  bidens,  Lio- 
nycteris  spurrelli,  Lonehophyila  thomasi,  Carollia  brevicauda,  C.  per- 
spicillata, Rhinophylla  pumilio,  Artibeus  einereus,  and  two  large 
species  of  Artibeus. 

Weights  of  our  seven  individuals  (as  listed  above)  are  as  follows:  44 
(<5,  24  September);  46  ($,  4 October);  44  ($,  1 October);  43  (9 , 8 
September);  40  (9 , 24  August);  44  ( S , 24  August);  40  (9 , 29  August). 
The  male  taken  at  Brownsberg  Nature  Park  on  24  September  had  testes 
that  measured  3.  Females  taken  at  3 km  SW  Rudi  Kappelvliegveld  on 
4 October  and  at  Grassalco  on  8 September  were  reproductively  ac- 
tive, with  fetuses  measuring  14  and  8,  respectively.  External  and  cra- 
nial measurements  of  two  males  followed  by  the  mean,  range  (in  pa- 
rentheses), and  two  standard  errors  of  five  females  are  as  follows: 
length  of  forearm,  70.1,  69.2,  69.1  (67.7-70.9)  ± 1.53;  greatest  length 
of  skull,  31.1,  31.5,  30.8  (29.7-31.5)  ±0.71;  condylobasal  length,  27.0, 
26.8,  26.6  (25.5-27.3)  ± 0.69;  zygomatic  breadth,  15.4,  15.0,  15.4 
(14.8-16.2)  ± 0.47;  mastoid  breadth,  14.4,  14.0,  14.1  (13.7-14.5)  ± 
0.34;  postorbital  breadth,  9.3,  9.4,  9.0  (8. 5-9. 4)  ± 0.29;  length  of  max- 
illary toothrow,  9.9,  10.2,  9.9  (9.5-10.4)  ± 0.31;  breadth  across  upper 
molars,  9.8,  9.7,  9.8  (9.5-10.2)  ± 0.25. 

Phyllostoimis  latifolius  Thomas 

Specimens  examined  (17).— Brokopgndo:  Brownsberg  Nature  Park,  8 km  S,  2 km 
W Brownsweg,  4°55'N,  55°H'W,  2;  1 km  N Rudi  Kappelvliegveld,  300  m,  3°48'N, 
56°08'W,  7;  1.5  km  W Rudi  Kappelvliegveld,  330  m,  3°47'N,  56°10'W,  3;  Rudi  Kap- 
pelvliegveld, 320  m.  3°47'N,  56°08'W,  1;  3 km  SW  Rudi  Kappelvliegveld,  320  m,  3°46'N, 
56°10'W,  4. 

Remarks.— The  only  reported  records  of  P.  latifolius  are  eight  spec- 
imens from  the  type  locality  at  Kanuku  Mountains,  Guyana  (Thomas, 
1901),  and  five  others  from  southeastern  Colombia  (Marinkelle  and 
Cadena,  1972).  Our  17  specimens  represent  the  first  reported  records 
of  P.  latifolius  in  Suriname  as  well  as  extending  the  known  distribution 
of  the  species  about  250  km  eastward.  Our  material  originates  from 
two  general  areas  about  160  km  apart.  Husson  (1962,  1978)  suggested 
that  P.  latifolius  might  occur  in  Suriname. 
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On  3 October,  three  P.  latifolius  were  collected  1.5  km  W Rudi 
Kappelvliegveld  along  a trail  that  passed  through  a young  hardwood 
forest  with  moderate  ground  cover.  Other  species  collected  included 
Micronycteris  megalotis,  Tonatia  bidens,  Carollia  perspicillata,  Arti- 
beus  cinereus,  Trachops  cirrhosus,  two  large  species  of  Artibeus, 
V ampyressa  bidens,  and  Thyroptera  tricolor.  At  Rudi  Kappelvliegveld 
two  specimens  were  collected  on  27  September  along  a wide  trail  that 
passed  through  dense  secondary  growth.  Other  bat  species  collected 
there  included  Phyllostomus  discolor,  P.  elongatus,  P.  hastatus,  Vam- 
pyrum  spectrum,  Glossophaga  soricina,  Carollia  perspecillata,  Ame- 
trida  centurio,  Artibeus  cinereus,  C.  concolor,  two  large  species  of 
Artibeus,  Chrioderma  trinitatum,  Sturnira  tildae,  Uroderma  biloba- 
tum,  Eptesicus  brasiliensis,  and  Molossus  molossus.  This  is  the  only 
locality  known  to  us  at  which  all  four  species  of  the  genus  Phyllosto- 
mus have  been  collected.  The  conditions  under  which  the  remaining 
specimens  were  obtained  are  discussed  in  the  accounts  for  Micronyc- 
teris minuta,  and  Chrotopterus  auritus. 

The  male  and  female  from  Brownsberg  Nature  Park  weighed  30  and 
25,  respectively,  when  captured  on  24  September.  The  male  had  testes 
that  measured  8;  the  female  evinced  no  reproductive  activity.  In  the 
vicinity  of  Rudi  Kappelvliegveld  one  male  weighed  24;  testes  mea- 
surements of  two  males  collected  in  the  same  area  on  28  and  30  Sep- 
tember were  6 and  4,  respectively.  Among  13  females  collected  there 
between  27  September  and  4 October,  none  was  pregnant  but  two 
were  lactating.  The  average  weight  of  the  13  females  was  27.3  with  a 
range  of  25  to  3 1 . 

At  the  present  time  there  are  four  species  of  Phyllostomus  known 
to  occur  in  Suriname — P.  discolor,  P.  elongatus,  P.  hastatus,  and  P. 
latifolius.  Although  each  of  these  species  can  be  easily  distinguished 
from  the  others  (Husson,  1962,  1978),  P.  elongatus  and  P.  latifolius 
are  similar  enough  that  some  investigators  have  suggested  that  they 
might  be  conspecific  (see  Jones  and  Carter,  1976).  However,  we  took 
both  species  at  the  same  collecting  localities  and  found  them  easily 
distinguishable  based  on  forearm  and  cranial  measurements,  thus  con- 
firming their  specific  status.  These  differences  will  be  explored  in  depth 
in  a future  publication.  P.  latifolius  is  considered  to  be  monotypic 
(Jones  and  Carter,  1976). 

External  and  cranial  measurements  of  three  males,  followed  by  three 
females,  are  as  follows:  length  of  forearm,  56.0,  59.6,  60.0,  57.8,  56.5, 
58.8;  greatest  length  of  skull,  27.2,  27.5,  28.7,  27.9,  27.4,  27.4;  con- 
dylobasal  length,  23.5,  24.1,  24.5,  23.7,  23.6,  23.8;  zygomatic  breadth, 
14.8,  15.1,  15.5,  15.1,  14.6,  14.6;  mastoid  breadth,  13.1,  13.8,  14.0, 
13.7,  13.3,  13.7;  postorbital  breadth,  4.8,  5.1,  4.8,  4.8,  4.8,  4.8;  length 
of  maxillary  toothrow,  9.9,  10.2,  10.1,  10.1,  9.8,  10.0;  breadth  across 
upper  molars,  10.2,  10.4,  11.0,  10.7,  10.5,  10.4. 
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Tonatia  bidens  bidens  (Spix) 

Specimens  examined  (18). — Brokopondo:  Brownsberg  Nature  Park,  8 km  S,  2 km 
W Brownsweg,  4°55'N,  55°11'W,  5;  1.5  km  W Rudi  Kappelvliegveld,  330  m,  3°47'N, 
56°10'W,  2;  3 km  SW  Rudi  Kappelvliegveld,  320  m,  3°46'N,  56°10'W,  3.  Nickerie: 
Grassalco,  4°46'N,  56°46'W,  4.  Saramacca:  Bitagron  (=Witagron),  5°06'N,  56°04'W, 
1;  Voltzberg,  4°40'N,  56°12'W,  3. 

Remarks. — The  first  records  of  T.  bidens  in  Suriname  were  reported 
by  Genoways  and  Williams  (1979).  Fieldwork  in  1979  resulted  in  more 
specimens  from  several  different  localities.  These  new  records  extend 
the  known  distribution  of  T.  bidens  in  Suriname  125  km  southward 
and  170  km  westward. 

At  Brownsberg  Nature  Park  a single  specimen  was  taken  on  21  Sep- 
tember in  a secondary  hardwood  forest  along  with  Pteronotus  par- 
nellii,  Phyllostomus  elongatus , Lonchophylla  thomasi,  Carollia  per- 
spicillata,  Rhinophylla  pumilio,  and  a large  species  of  Artibeus.  Two 
days  later  five  males  were  netted  in  secondary  forest  with  Pteronotus 
parnellii,  Phyllostomus  elongatus,  Tonatia  silvicola,  Trachops  cirrho- 
sus,  Glossophaga  soricina,  Carollia  perspicillata,  and  Uroderma  bi- 
lobatum.  The  conditions  under  which  specimens  of  T.  bidens  were 
taken  from  1.5  km  W Rudi  Kappelvliegveld,  3 km  SW  Rudi  Kappelv- 
liegveld, and  Voltzberg  are  discussed  in  the  accounts  for  Phyllostomus 
latifolius,  Phylloderma  stenops,  and  Micronycteris  minuta,  respec- 
tively. At  Grassalco,  conditions  under  which  specimens  were  taken 
are  discussed  in  the  accounts  for  Pteronotus  personatus  and  Phyllod- 
erma stenops.  A single  specimen  was  captured  at  Bitagron  in  dense 
secondary  forest  along  with  Phyllostomus  hastatus,  Lonchophylla  tho- 
masi, Carollia  perspicillata,  Rhinophylla  pumilio,  a large  species  of 
Artibeus,  Sturnira  lilium,  and  Vampyrops  helleri. 

Males  from  Brownsberg  Nature  Park  (21  September),  3 km  SW  Rudi 
Kappelvliegveld  (1  October),  Grassalco  (7  and  8 September),  and 
Voltzberg  (28  August)  had  testes  measurements  of  10,  11,  10,  10,  and 
11,  and  weights  of  25,  25,  22,  24,  and  27,  respectively.  Nonpregnant 
females  from  1.5  km  W Rudi  Kappelvliegveld  (3  October),  Grassalco 
(7  September),  Bitagron  (3  September),  and  Voltzberg  (two  specimens; 
28  August)  had  weights  of  24,  24,  22,  23,  and  23,  respectively.  Only 
one  female  was  found  to  be  pregnant  during  the  1979  fieldwork.  When 
this  specimen  was  collected  at  Grassalco  on  7 September,  it  weighed 
30  and  was  carrying  an  embryo  with  a crown-rump  measurement  of 
30. 

Means,  ranges  (in  parentheses),  and  two  standard  errors  of  external 
and  cranial  measurements  for  five  males,  followed  by  five  females,  are 
as  follows:  length  of  forearm,  55.4  (55.2-56.5)  ± 0.63,  54.7  (52.7-56.3) 
± 1.41;  greatest  length  of  skull,  27.8  (27.6-28.0)  ± 0.21,  27.3  (27.1- 
27.6)  ± 0.17;  condylobasal  length,  23.6  (23.1-24.1)  ± 0.32,  23.1  (22.6- 
23.4)  ± 0.35;  zygomatic  breadth,  13.7  (13.3-14.1)  ± 0.28,  13.6  (13.3- 
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13.8)  ± 0.19;  mastoid  breadth,  12.4  (11.9-12.6)  ± 0.26,  12.5  (12.4- 
12.7)  ±0.11;  postorbital  breadth,  5.3  (5. 1-5.6)  ± 0.17,  5.5  (5. 3-5. 7)  ± 
0.13;  length  of  maxillary  toothrow,  9.4  (9. 2-9. 6)  ± 0.13,  9.4  (9. 1-9.7) 
± 0.19;  breadth  across  upper  molars,  8.5  (8. 1-8.8)  ± 0.23,  8.4  (8.1- 

8.8)  ± 0.26. 


Tonatia  brasiliense  (Peters) 

Specimen  examined  (1). — Commewijne:  Nieuwe  Grond  Plantation,  5°53'N,  54°54'W,  1. 

Remarks.-—  The  only  known  specimen  of  T.  brasiliense  from  Suri- 
name was  reported  by  Genoways  and  Williams  (1979)  from  Browns- 
berg  Nature  Park.  The  new  locality  of  record  is  near  the  coast  and 
about  100  km  north  of  the  place  where  the  previous  specimen  was 
taken.  A female  weighing  10  and  carrying  a fetus  18  in  crown-rump 
length  was  collected  on  13  September  in  a mist  net  set  up  along  an 
orchard  path  that  was  bordered  on  one  side  by  a canal  and  the  other 
by  alternating  rows  of  citrus  trees  and  secondary  tropical  vegetation. 
Other  species  of  bats  collected  at  the  locality  included  Saccopteryx 
biline  at  a,  S.  canescens,  S.  leptura,  Micronycteris  megalotis,  Phyllo- 
stomus  hastatus,  Glossophaga  soricina,  Carollia  perspicillata,  Arti- 
beus  concolor,  a large  species  of  Artibeus,  Sturnira  lilium,  Vampyrops 
brachycephalus,  and  Eptesicus  brasiliensis . 

External  and  cranial  measurements  of  the  specimen  are  as  follows; 
length  of  forearm,  34.5;  greatest  length  of  skull,  19.5;  condylobasal 
length,  16.3;  zygomatic  breadth,  9.3;  mastoid  breadth,  8.9;  postorbital 
breadth,  3.0;  length  of  maxillary  toothrow,  6.7;  breadth  across  upper 
molars,  6.4. 


Tonatia  carrikeri  (J.  A.  Allen) 

Specimen  examined  (1). — Saramacca:  Voltzberg,  4°40'N,  56°12'W,  1. 

Remarks. — The  only  previous  record  of  T.  carrikeri  in  Suriname 
was  reported  by  Husson  (1962,  1978).  The  specimen  examined  by  him 
was  obtained  about  100  years  ago  and  lacks  precise  locality  informa- 
tion. 

The  conditions  under  which  our  specimen  was  collected  are  dis- 
cussed in  the  account  for  Micronycteris  minuta.  This  individual  was 
a female  weighing  18,  which  evinced  no  reproductive  activity  when 
captured  on  28  August. 

External  and  cranial  measurements  of  our  specimen  are  as  follows; 
length  of  forearm,  45.8;  greatest  length  of  skull,  25.0;  condylobasal 
length,  20.3;  zygomatic  breadth,  11.2;  mastoid  breadth,  12.2;  postor- 
bital breadth,  3.8;  length  of  maxillary  toothrow,  8.1;  breadth  across 
upper  molars,  7.6. 
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Vampyrum  spectrum  (Linnaeus) 

Specimen  examined  (!),— Brokqpondo:  Rudi  Kappelvliegveld,  320  m,  3°47'N, 
56°08'W,  1. 

Remarks Although  Husson  (1962,  1978)  reported  seven  specimens 
of  V.  spectrum  from  Suriname,  only  one  had  precise  locality  infor- 
mation, Furthermore,  the  most  recent  record  of  V,  spectrum  from 
Suriname  dates  from  1888.  Our  specimen  was  collected  about  225  km 
south  and  105  km  west  of  the  place  whence  came  the  individual  with 
data  as  to  origin.  It  was  collected  at  about  2200  hours  on  27  September 
in  a mist  net  set  up  in  an  opening  between  a building  and  secondary 
savannah-type  vegetation.  Further  detail  about  the  conditions  under 
which  this  specimen  was  collected  is  discussed  in  the  account  for  Phyl- 
lostomus  latifolius.  During  the  same  night,  a specimen  of  V.  spectrum 
was  observed  circling  and  vocalizing  in  the  area  where  other  bats  were 
being  removed  from  mist  nets. 

External  and  cranial  measurements  are  as  follows:  length  of  forearm, 
103.3;  greatest  length  of  skull,  52.5;  condylobasal  length,  43.4;  zygo- 
matic breadth,  23.1;  mastoid  breadth,  21.5;  postorbital  breadth,  8.1; 
length  of  maxilliary  toothrow,  20.5;  breadth  across  upper  molars,  14.3. 

Anoura  caudifer  caudifer  (E.  Geoffroy  St. -Hilaire) 

Specimens  examined  (3).- — Brokqpondo:  1 km  N Rudi  Kappelvliegveld,  300  m, 
3°48?N,  56°08'W,  1.  Nickerie:  Grassalco,  4°46'N,  56°46'W,  1;  Sipaliwini  Airstrip, 
2°02'N,  56°07'W,  1. 

Remarks.—  Husson  (1962,  1978)  reported  two  specimens  of  A . cau- 
difer from  Suriname,  one  of  which  does  not  have  specific  locality  in- 
formation. Our  specimens  extend  the  known  distribution  of  A.  cau- 
difer in  the  country  about  350  km  south  and  190  km  west. 

The  specimen  from  1 km  N Rudi  Kappelvliegveld  was  collected  at 
1845  hours  on  30  September;  it  was  a male  that  weighed  11.  Conditions 
under  which  this  bat  was  collected  are  discussed  in  the  account  for 
Micronycteris  nicefori.  The  specimen  from  Grassalco,  a female  weigh- 
ing 10  that  evinced  no  reproductive  activity,  was  netted  at  about  1100 
hours  on  7 September.  The  account  for  Pteronotus  personatus  dis- 
cusses the  conditions  under  which  this  specimen  was  taken.  The  spec- 
imen from  Sipaliwini  Airstrip,  captured  on  18  August,  was  obtained 
from  a clearing  adjacent  to  the  Sipaliwini  River.  Surrounding  habitat 
included  secondary  tropical  vegetation.  Other  species  of  bats  collected 
at  this  locality  included  Rhynchonycteris  naso,  Glossophaga  soricina, 
Caroilia  perspicillata , Artibeus  cinereus,  a large  species  of  Artibeus, 
Uroderma  bilobatum,  Vampyrops  helieri,  and  Rhogeessa  tumida.  The 
specimen  of  A.  caudifer,  a nonpregnant  female,  weighed  8.6. 
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Husson  (1962,  1978)  commented  on  the  tail  vertebrae  varying  in 
distinctness  between  specimens  because  of  different  degrees  of  ossi- 
fication. Our  specimens  support  this  observation  in  that  only  one  (from 
1 km  N Rudi  Kappelvliegveld)  possessed  a distinct  tail  enclosed  within 
the  interfemoral  membrane.  External  and  cranial  measurements  of  our 
one  male  and  two  females  (as  listed  above)  are  as  follows:  length  of 
forearm,  36.9,  34.8,  35.1;  greatest  length  of  skull,  22.4,  23.1,  22.3; 
condylobasal  length,  21.6,  22.0,  21.5;  zygomatic  breadth,  9.7,  9.5,  — 
; mastoid  breadth,  9.1,  9.5,  8.8;  postorbital  breadth,  4.5,  4.6,  4.6; 
length  of  maxillary  toothrow,  7.9,  8.1,  8.1;  breadth  across  upper  mo- 
lars, 5.9,  5.7,  5.6. 

Choeroniscus  intermedius  (J.  A.  Allen  and  Chapman) 

Specimens  examined  (2).— Nickerie:  Grassalco,  4°46'N,  56°46'W,  2. 

Remarks. — Our  specimens  represent  the  first  record  of  this  species 
from  Suriname.  They  were  collected  at  about  1900  hours  on  7 Septem- 
ber. Both  were  pregnant  females  that  weighed  10;  crown-rump  length 
of  fetuses  measured  23  and  25.  The  conditions  under  which  these  spec- 
imens were  collected  are  discussed  in  the  account  for  Pteronotus  per- 
sonatus. 

The  rather  confusing  systematics  of  the  intermediate-sized  South 
American  Choeroniscus  has  recently  been  reviewed  by  Koopman 
(1978).  Of  the  three  described  species  {minor,  inca,  and  intermedius ), 
Koopman  recognized  minor  and  intermedius,  regarding  inca  as  a syn- 
onym of  minor.  There  is  a paucity  of  specimens  of  these  taxa  and 
marked  secondary  sexual  variation  within  species;  however,  Koopman 
(1978)  believed  that  he  could  distinguish  between  the  two  species  he 
regarded  as  valid  on  the  basis  of  length  of  rostrum  (as  reflected  by 
length  of  the  maxillary  toothrow),  with  minor  being  the  larger  in  size. 
We  are  somewhat  uncertain  on  this  point,  based  upon  the  range  of 
variation  exhibited  by  samples  of  C.  intermedius  from  Trinidad  (Gen- 
oways  et  al.,  1973). 

However,  we  here  follow  Koopman’ s arrangement  until  more  data 
are  available.  Based  upon  direct  comparison  with  specimens  in  the 
American  Museum  of  Natural  History,  we  believe  that  our  material  is 
best  assigned  to  the  smaller  of  the  two  species,  C.  intermedius.  It 
should  be  pointed  out  that  holotype  of  C.  minor  is  from  Suriname,  but 
because  it  is  believed  to  be  a male  (Husson,  1978),  Koopman  has 
associated  the  name  with  the  larger  of  the  two  taxa.  External  and 
cranial  measurements  of  our  two  females  followed  (in  parentheses)  by 
the  measurement  of  a female  currently  assigned  to  C.  minor  (AMNH 
140471,  Kamakusa,  Guyana)  are  as  follows:  length  of  forearm,  35.4, 
35.2  ( — );  greatest  length  of  skull,  22.8,  22.3  (24.4);  condylobasal 
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length,  21.9,  21.9  (23.9);  mastoid  breadth,  8.6,  8.3  (8.8);  postorbital 
breadth,  3.7,  3.6  (3.9);  length  of  maxillary  toothrow,  7.5,  8.0  (8.2); 
breadth  across  upper  molars,  4.4,  4.3  (4.6). 

Choeroniscus  godmani  (Thomas) 

Specimen  examined  (1).— Nickerie:  Sipaliwini  Airstrip,  2°02'N,  56°07'W,  1. 

Remarks. -The  above-listed  bat  represents  the  first  reported  occur- 

rence of  C.  godmani  in  Suriname  and  extends  the  known  geographic 
range  of  C.  godmani  about  625  km  to  the  southeast.  The  species  is 
known  in  South  America  from  Colombia  and  Venezuela  (Handley, 
1976;  Jones  and  Carter,  1976). 

Our  specimen  was  collected  next  to  the  airstrip  at  about  1100  hours 
on  21  August.  Surrounding  vegetation  consisted  of  low  (10-15  m), 
savannah-type  shrubbery.  Other  species  of  bats  collected  included 
Phyllostomus  elongatus,  Glossophaga  soricina,  Carollia  perspicillata, 
Artibeus  cinereus,  a large  species  of  Artibeus,  Sturnira  lilium,  S.  til- 
dae,  Uroderma  bilobatum , and  Eptesicus  brasiliensis.  Our  specimen 
was  a female  that  weighed  8 and  was  carrying  a fetus  having  a crown- 
rump  length  of  15.  From  C.  intermedins,  C.  godmani  can  be  differ- 
entiated by  its  slightly  smaller  size,  darker  coloration,  lack  of  whitish- 
based  hairs,  and  shorter  rostrum  (which  results  in  a much  shorter 
skull). 

C.  godmani  is  considered  to  be  monotypic  (Jones  and  Carter,  1976). 
External  and  cranial  measurements  of  our  specimen  are  as  follows: 
length  of  forearm,  34.0;  greatest  length  of  skull,  20.3;  condylobasal 
length,  19.6;  mastoid  breadth,  8.5;  postorbital  breadth,  5.0;  length  of 
maxillary  toothrow,  7.1;  breadth  across  upper  molars,  4.5. 

Lionycteris  spurrelli  Thomas 

Specimens  examined  (3). — Nickerie:  Grassalco,  4°46'N,  56°46'W,  2;  1 km  S,  3.5  km 
E Sipaliwini  Airstrip,  2°01'N,  56°05'W,  1. 

Remarks. — Although  there  are  no  reported  records  of  L.  spurrelli 
from  Suriname,  Husson  (1962,  1978)  suspected  its  occurrence  in  the 
country  based  on  records  from  Guyana  reported  by  Sanborn  (1941). 
This  species  also  is  known  from  Panama,  Colombia,  Venezuela,  north- 
ern Brazil,  and  Amazonian  Peru  (Jones  and  Carter,  1976). 

The  collecting  localities  from  which  our  specimens  originated  are 
about  310  km  apart.  The  specimens  from  Grassalco  were  collected  on 
8 September  under  conditions  described  in  the  account  for  Phyllo- 
derma  stenops.  One  individual  was  a male,  weighing  7 and  with  testes 
measuring  4;  the  other  was  a female  that  weighed  10  and  carried  a 
fetus  with  a crown-rump  measurement  of  24.  The  specimen  from  1 km 
S,  3.5  km  E Sipaliwini  Airstrip,  a 7-g  male,  was  obtained  at  about  2000 
hours  on  19  August.  It  was  taken  in  open  grassy  savannah,  adjacent 
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to  a small  river  and  secondary  tropical  forest.  A few  trees  were  scat- 
tered in  the  savannah.  Other  species  collected  included  Saccopteryx 
leptura,  Glossophaga  soricina,  Artibeus  cinereus,  and  Lasiurus  ega. 

Lionycteris  spurrelli  is  considered  to  be  monotypic  (Jones  and  Car- 
ter, 1976).  External  and  cranial  measurements  of  the  two  males  (lo- 
calities in  order  listed  above)  followed  by  our  single  female  are  as 
follows:  length  of  forearm,  35.2,  35.0,  34.0;  greatest  length  of  skull, 
20.5,  20.2,  20.0;  condylobasal  length,  18.8,  18.3,  18.3;  mastoid  breadth, 
9.0,  8.4,  8.9;  postorbital  breadth,  4.6,  4.3,  4.4;  length  of  maxillary 
toothrow,  6.6,  6.1,  6.0;  breadth  across  upper  molars,  5.3,  5.1,  5.0. 

Carollia  brevicauda  (Schinz) 

Specimens  examined  (7).— Nickerie:  24  km  S,  60  km  E Apoera,  4°41'N,  56°07'W,  4; 
Grassalco,  4°46'N,  56°46'W,  2.  Saramacca:  Raleigh  Falls,  4°44'N,  56°12'W,  1. 

Remarks. — The  first  record  of  C.  brevicauda  was  reported  by  Gen- 
oways  and  Williams  (1979).  Our  new  records  extend  the  known  range 
in  Suriname  about  180  km  westward. 

On  5 September,  two  males  and  one  female  were  collected  at  a place 
24  km  S,  60  km  E Apoera  in  mist  nets  set  across  a dirt  road  and  nearby 
stream,  both  of  which  passed  through  secondary  tropical  vegetation. 
Other  species  of  bats  collected  included  Rhynchonycteris  naso,  Noc- 
tilio  leporinus,  Carollia  perspicillata , Rhinophylla  pumilio,  a large 
species  of  Artibeus,  Vampyressa  brocki,  Sturnira  lilium,  S.  tildae,  and 
My otis  albescens.  The  next  day  an  additional  male  was  collected  at 
the  same  locality,  but  in  secondary  tropical  forest.  The  species  of  bats 
collected  with  this  specimen  included  Phyllostomus  elongatus,  Lon- 
chophylla  thomasi,  and  a large  species  of  Artibeus.  The  conditions 
under  which  two  males  collected  at  Grassalco  on  7 and  8 September 
and  one  female  collected  at  Raleigh  Falls  on  24  August  are  discussed 
in  the  accounts  for  Pteronotus  personatus,  Phylloderma  stenops,  and 
Chrotopterus  auritus,  respectively.  All  our  males  had  testes  that  mea- 
sured 5,  except  for  one  from  Grassalco,  which  had  testes  3 in  length. 
The  female  from  southeast  of  Apoera  was  carrying  a fetus  that  had  a 
crown-rump  measurement  of  10.  The  female  from  Raleigh  Falls 
weighed  9 and  carried  a fetus  measuring  5. 

As  was  the  previous  individual  reported  by  Genoways  and  Williams 
(1979),  our  specimens  are  small  in  comparison  with  those  examined  by 
Pine  (1972)  and  Swanepoel  and  Genoways  (1979).  External  and  cranial 
means,  ranges  (in  parentheses),  and  two  standard  errors  of  five  males 
followed  by  measurements  of  two  females,  are  as  follows:  length  of 
forearm,  36.5  (35.2-37.5)  ± 0.79,  36.7,  36.5;  greatest  length  of  skull, 
20.7  (20.1-21.1)  ± 0.89,  20.4,  20.9;  condylobasal  length,  18.3  (18.0- 
18.8)  ± 0.39,  17.9,  18.3;  mastoid  breadth,  10.1  (9.9-10.4)  ± 0.17,  10.0, 
10.5;  postorbital  constriction,  5.4  (5. 3-5. 6)  ± 0.12,  5.4,  5.2;  length  of 
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maxillary  toothrow,  6.4  (6. 3-6. 5)  ± 0.13,  6.3,  6.4;  breadth  across  upper 
molars,  7.3  (7. 0-7. 7)  ± 0.26,  7.3,  7.1. 

Rhinophvlla  pumilio  Peters 

Specimens  examined  (74). — Brokopondo:  Brownsberg  Nature  Park,  3 km  S,  20  km 
W Afobakka,  1;  Brownsberg  Nature  Park,  7 km  S,  18.5  km  W Afobakka,  5;  Brownsberg 
Nature  Park,  8 km  S,  2 km  W Brownsweg,  4°55'N,  55°11'W,  6;  1 km  N Rudi  Kappel- 
vliegveld,  300  m,  3°48'N,  56°08'W,  2;  3 km  SW  Rudi  Kappelvliegveld,  320  m,  3°46'N, 
56°10'W,  5.  Marowijne:  10  km  N,  24  km  W Moengo,  2.  Nickerie:  24  km  S,  60  km  E 
Apoera,  4°41'N,  56°07'W,  1;  35  km  S,  5 km  E Apoera,  1;  Grassalco,  4°46'N,  56°46'W, 
2;  Sipaliwini  Airstrip,  2°02'N,  56°07'W,  1.  Saramacca:  5 km  S,  2 km  W Bigi  Poika,  6; 
Bitagron  (= Witagron),  5°06'N,  56°04'W,  5;  Raleigh  Falls,  4°44'N,  56°12'W,  14;  Voltz- 
berg,  4°40'N,  56°12'W,  5.  Suriname:  Powaka,  6;  1 km  S,  2 km  E Powaka,  12. 

Remarks.—  Husson  (1978)  reported  three  specimens  of  R.  pumilio 
from  Suriname-— two  without  precise  locality  information  and  one  from 
the  “west  bank  of  the  Suriname  River,  just  north  of  Brokopondo  Lake 
(Brokopondo  District).”  We  found  this  species  to  be  a common  bat 
throughout  Suriname,  often  locally  abundant,  during  fieldwork  con- 
ducted in  July  and  August  1977  and  in  the  period  August  to  October 
1979. 

Our  collecting  localities  of  R.  pumilio  indicate  that  the  species  oc- 
curs in  a variety  of  habitats.  We  have  captured  specimens  typically  in 
wooded  habitats  ranging  from  savannah  (for  example,  5 km  S,  2 km 
W Bigi  Poika  and  1 km  S,  2 km  E Powaka)  to  disturbed  areas  (for 
example  Bitagron  and  localities  referenced  by  Apoera)  to  mature  trop- 
ical forest  (for  example,  Brownsberg  Nature  Park,  Raleigh  Falls,  and 
Voltzberg).  Examples  of  specific  conditions  under  which  R.  pumilio 
has  been  collected  are  discussed  in  accounts  for  Chrotopterus  auritus, 
Micronycteris  minuta,  M.  nicefori,  Phylloderma  stenops,  Tonatia  bi- 
dens,  and  Vampyressa  brocki. 

From  our  series,  we  have  reproductive  data  from  one  specimen  col- 
lected in  January,  15  specimens  collected  in  July,  20  specimens  col- 
lected in  August,  14  specimens  collected  in  September,  and  five  spec- 
imens collected  in  October.  Our  single  female  taken  in  January  evinced 
no  reproductive  activity.  In  July  several  subadult  specimens  were  tak- 
en; males  had  testes  usually  measuring  2 or  3;  subadult  females  evinced 
no  reproductive  activity.  Only  one  adult  male,  having  testes  measuring 
4,  was  taken  in  July.  Although  no  pregnant  females  were  taken  during 
this  period  many  had  enlarged  uteri.  This  condition  persisted  through 
August,  in  which  month  subadults  also  were  collected.  Testes  mea- 
surements of  eight  adult  males  averaged  3.6  (range  3-5).  Of  seven  adult 
males  collected  in  September,  testes  measurements  ranged  from  3 to 
6,  and  averaged  4.7.  Two  females  out  of  seven  taken  in  that  month 
were  pregnant  (crown-rump  measurement  of  the  single  fetuses  mea- 
sured 9 and  10).  Two  subadults  were  collected  in  September  but  none 
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was  obtained  in  October.  The  single  October-taken  male  had  testes 
that  measured  6.  Three  of  four  females  collected  in  that  month  were 
pregnant  and  carried  single  fetuses  that  had  crown-rump  measurement 
of  9,  13,  and  16. 

Means,  ranges  (in  parentheses),  and  two  standard  errors  of  external 
and  cranial  measurements  for  five  males,  followed  by  five  females,  are 
as  follows:  length  of  forearm,  32.4  (31.2-34.0)  ± 0.97,  33.7  (33.1-34.8) 
± 0.68;  greatest  length  of  skull,  18.3  (18.1-18.8)  ± 0.24,  18.5  (17.9- 
18.9)  ± 0.35;  condylobasal  length,  16.1  (15.8-16.6)  ± 0.28,  16.2  (15.7- 
16.6)  ± 0.31;  mastoid  breadth,  9.0  (8. 8-9. 2)  ± 0.13,  9.0  (9.0-9. 2)  ± 
0.08;  postorbital  breadth,  5.3  (5. 2-5. 4)  ± 0.07,  5.3  (5. 2-5. 3)  ± 0.04; 
length  of  maxillary  toothrow,  4.9  (4. 7-5.0)  ± 0.13,  4.9  (4. 7-5. 3)  ± 
0.24;  breadth  across  upper  molars,  6.0  (5. 8-6. 2)  ± 0.13,  6.1  (5. 7-6. 4) 
± 0.27;  weight,  7.0  (6-8)  ± 0.89,  7.8  (5-9)  ± 1.47. 

Mesophylla  macconnelli  macconnelli  Thomas 

Specimens  examined  (2). — Commewijne:  Nieuwe  Grond  Plantation,  5°53'N, 
54°54'W,  1.  Nickerie:  Sipaliwini  Airstrip,  2°02'N,  56°07'W,  1. 

Remarks. — Our  two  specimens  represent  the  first  reported  occur- 
rence of  Mesophylla  in  Suriname.  The  collecting  localities  of  these 
specimens,  separated  by  approximately  430  km,  represent  north  and 
south  geographical  extremes  for  the  country.  The  specimen  from 
Nieuwe  Grond  Plantation,  collected  at  about  2000  hours  on  12  Sep- 
tember, was  a lactating  female  (weight  9),  but  not  pregnant.  The  con- 
ditions under  which  this  bat  was  taken  are  discussed  in  the  account 
for  Micronycteris  minuta.  The  individual  from  Sipaliwini  Airstrip,  a 
male  weighing  7,  was  collected  17  August.  The  conditions  under  which 
this  specimen  was  taken  are  discussed  in  the  account  for  Chrotopterus 
auritus. 

Mesophylla  macconnelli  has  two  subspecies;  M . m.  macconnelli  has 
been  reported  from  Colombia,  Venezuela,  Guyana,  Brazil,  Amazonian 
Ecuador  and  Peru,  and  Bolivia  (Jones  and  Carter,  1976).  External  and 
cranial  measurements  of  our  specimen  (male  followed  by  female)  are 
as  follows:  length  of  forearm,  30.6,  31.6;  greatest  length  of  skull,  17.5, 
17.9;  condylobasal  length,  15.5,  15.9;  zygomatic  breadth,  9.7,  10.3; 
mastoid  breadth,  8.9,  9.1;  postorbital  breadth,  4.5,  4.5;  length  of  max- 
illary toothrow,  5.7,  5.8;  breadth  across  upper  molars,  7.3,  6.9. 

Vampyressa  bidens  (Dobson) 

Specimens  examined  (2). — Brokopondo:  1.5  km  W Rudi  Kappelvliegveld,  330  m, 
3°47'N,  56°10'W,  1;  3 km  SW  Rudi  Kappelvliegveld,  320  m,  3°46'N,  56°10'W,  1. 

Remarks. — Genoways  and  Williams  (1979)  reported  the  first  records 
of  V.  bidens  in  Suriname;  the  two  specimens  listed  above,  both  fe- 
males, were  collected  about  180  km  south  and  120  km  west  of  the 
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previously  recorded  locality  of  occurrence.  The  female  from  1.5  km 
W Rudi  Kappelvliegveld  weighed  1 1 on  3 October  and  was  not  preg- 
nant. The  one  from  3 km  SW  Rudi  Kappelvliegveld,  collected  the 
following  day,  weighed  15  and  carried  a fetus  having  a crown-rump 
length  of  20.  The  conditions  under  which  the  new  material  were  col- 
lected are  discussed  in  the  accounts  for  Phyllostomus  latifolius  and 
Phylloderma  stenops. 

Our  specimens  possess  the  dental  formula  (i  2/1,  c 1/1,  p 2/2,  m 2/3) 
typical  of  this  species  (Peterson,  1968).  External  and  cranial  measure- 
ments of  our  two  female  specimens  are  as  follows:  length  of  forearm, 

36.5,  37.3;  greatest  length  of  skull,  20.2,  20.4;  condylobasal  length, 
17.4,  17.7;  zygomatic  breadth,  11.5,  11.9;  mastoid  breadth,  10.0,  10.2; 
postorbital  breadth,  5.4,  5.3;  length  of  maxillary  toothrow,  6.4,  6.4; 
breadth  across  upper  molars,  8.6,  8.8. 

Vampyressa  brocki  Peterson 

Specimens  examined  (3). — Nickerie:  24  km  S,  60  km  E Apoera,  4°41'N,  56°07'W,  2; 
Grassalco,  4°46'N,  56°46'W,  1. 

Remarks. — Vampyressa  brocki  is  known  from  Colombia  (Baker  et 
al.,  1972)  and  Guyana  (Peterson,  1968,  1972).  Our  specimens  represent 
the  first  documented  occurrence  of  the  species  in  Suriname  and  an 
eastern  range  extension  of  about  125  km. 

Two  males  were  collected  southeast  of  Apoera  on  5 September  and 
another  at  Grassalco  on  7 September.  The  conditions  under  which 
these  specimens  were  obtained  are  discussed  in  the  accounts  for  Car- 
ollia  brevicauda  and  Pteronotus  personatus,  respectively.  Testes  mea- 
surements of  our  three  males  were  3 each;  weights  were  7,  8,  and  7.5. 

At  the  present  time  there  are  two  species  of  Vampyressa  known  to 
occur  in  Suriname — V.  bidens  and  V.  brocki.  The  latter  can  be  distin- 
guished by  its  smaller  size,  lack  of  a middorsal  stripe,  and  two  pair  of 
lower  incisors  instead  of  one  (Peterson,  1968). 

V.  brocki  is  considered  to  be  monotypic  (Jones  and  Carter,  1976). 
External  and  cranial  measurments  of  our  three  males  are  as  follows: 
length  of  forearm,  32.8,  31.9,  32.1;  greatest  length  of  skull,  18.2,  18.1, 
17.9;  condylobasal  length,  15.8,  16.0,  15.5;  zygomatic  breadth,  10.5, 

10.6,  10.5;  mastoid  breadth,  9.3,  9.4,  9.4;  postorbital  breadth,  5.1,  4.9, 
5.0;  length  of  maxillary  toothrow,  5.7,  5.9,  5.5;  breadth  across  upper 
molars,  7.6,  7.7,  7.3. 

Vampyrops  brachycephalus  Rouk  and  Carter 

Specimens  examined  (3). — Commewijne:  Nieuew  Grond  Plantation,  5°53'N, 
54°54'W,  3. 

Remarks. — Our  specimens  represent  the  first  reported  occurrence 
of  V.  brachycephalus  in  Suriname.  This  species  was  known  previously 
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from  Colombia,  Venezuela,  Guyana,  Amazonian  Brazil,  Ecuador,  and 
Peru  (Jones  and  Carter,  1976). 

Our  specimens  were  captured  at  different  times  during  the  night  of 
13  September,  but  at  almost  the  same  place  along  a line  of  mist  nets. 
All  three  were  females;  except  for  one  lactating  individual  no  repro- 
ductive activity  was  observed.  The  lactating  animal  weighed  16, 
whereas  the  other  two  weighed  14  and  15.  Further  details  about  the 
conditions  under  which  these  specimens  were  collected  is  discussed 
in  the  account  for  Tonatia  brasiliense . 

Vampyrops  brachycephalus  is  considered  to  be  monotypic  (Jones 
and  Carter,  1976).  This  species  differs  from  Suriname’s  only  other 
representative  of  the  genus,  V.  helleri,  by  being  slightly  larger,  having 
darker  coloration,  and  having  two  accessory  cusps  on  the  anterior 
margin  of  the  second  lower  premolar  (Rouk  and  Carter,  1972).  External 
and  cranial  measurements  of  our  three  females  are  as  follows:  length 
of  forearm,  40.7,  42.0,  42.3;  greatest  length  of  skull,  22.5,  22.5,  22.6; 
condylobasal  length,  20.0,  19.9,  19.9;  zygomatic  breadth,  13.4,  13.4, 
13.6;  mastoid  breadth,  11.3,  11.4,  11.1;  postorbital  breadth,  5.8,  5.7, 
5.6;  length  of  maxillary  toothrow,  7.7,  7.6,  8.0;  breadth  across  upper 
molars,  9.7,  9.5,  9.7. 


Lasiurus  ega  ega  (Gervais) 

Specimen  examined  (1). — Nickerie:  1 km  S,  3.5  km  E Sipaliwini  Airstrip,  2°01'N, 
56°05'W,  1. 

Remarks.—  Husson  (1962,  1978)  examined  three  specimens  of  L. 
ega  from  unknown  localities  in  Suriname.  Our  specimen,  captured  at 
about  2300  hours  on  19  August,  was  a female  weighing  11.  This  spec- 
imen was  collected  in  an  open  savannah.  Further  details  about  the 
conditions  under  which  it  was  taken  are  discussed  in  the  account  for 
Lionycteris  spurrelli. 

We  have  followed  Handley  (1960)  and  Hall  and  Jones  (1961)  in  the 
use  of  the  generic  name  Lasiurus  for  this  species  in  place  of  Dasyp- 
terus,  which  was  used  by  Husson  (1962,  1978).  External  and  cranial 
measurements  of  our  specimen  are  as  follows:  length  of  forearm,  48.3; 
greatest  length  of  skull,  16.0;  condylobasal  length,  15.0;  zygomatic 
breadth,  11.2;  mastoid  breadth,  9.0;  postorbital  breadth,  4.5;  length  of 
maxillary  toothrow,  5.6;  breadth  across  upper  molars,  7.3. 

Rhogeessa  tumida  H.  Allen 

Specimen  examined  (1). — Nickerie:  Sipaliwini  Airstrip,  2°02'N,  56°07'W,  1. 

Remarks. — Our  single  specimen  represents  the  first  reported  occur- 
rence of  Rhogeessa  in  Suriname.  R.  tumida  is  considered  a rare 
species  in  much  of  South  America  and  is  known  from  Colombia,  Yen- 
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ezuela,  Trinidad,  Guyana,  Brazil,  Bolivia,  and  Ecuador  (LaVal, 
19736). 

Our  specimen,  a female  weighing  6 that  evinced  no  reproductive 
activity,  was  captured  at  about  2100  hours  on  18  August,  over  calm 
water  of  the  Sipaliwini  River.  Vegetation  along  the  bank  consisted  of 
secondary  tropical  forest.  The  only  other  bat  collected  at  the  same 
locality  was  Rhynchonycteris  naso.  However,  several  other  species  of 
bats  were  collected  along  the  bank  about  35  m downriver.  These 
species  are  listed  in  the  account  for  Anoura  caudifer. 

Of  the  two  species  of  the  genus  occurring  in  South  America  (LaVal, 
19736),  our  specimen  agrees  more  closely  with  tumida  than  with  min- 
utilla.  The  specimen  resembles  tumida  in  having  dark  fur  and  mem- 
branes, third  metacarpel  1.3  shorter  than  forearm,  relatively  short  tibia 
(10.5),  and  relatively  wide  postorbital  breadth.  Our  specimen  is  larger 
than  other  South  American  specimens  from  Colombia,  Ecuador,  and 
Trinidad  and  the  profile  of  the  cranium  has  a continuous,  but  more 
gentle  slope.  Also,  this  specimen  is  kary ©typically  quite  distinct  from 
other  South  American  Rhogeessa  (Honeycutt  et  al.,  1980).  We  are  not 
prepared  to  speculate  on  the  meaning  of  these  differences  at  this  time 
and,  therefore,  have  assigned  our  specimen  to  R.  tumida.  The  latter 
was  treated  as  a monotypic  species  by  LaVal  (19736).  External  and 
cranial  measurements  of  our  specimen  are  as  follows:  length  of  fore- 
arm, 30.3;  greatest  length  of  skull,  12.9;  condylobasal  length,  12.1; 
zygomatic  breadth,  8.9;  mastoid  breadth,  7.1;  postorbital  breadth,  3.2; 
length  of  maxillary  toothrow,  4.6;  breadth  across  upper  molars,  5.6. 

Molossops  abrasus  mastivus  (Thomas) 

Specimen  examined  (1). — Nickerie:  Grassalco,  4°46'N,  56°46'W,  1. 

Remarks. — This  species  has  not  been  recorded  previously  from  Sur- 
iname. The  known  distribution  in  South  America  includes  Peru,  Bo- 
livia, Argentina,  Brazil,  Venezuela,  and  Guyana  (Taddei  et  al.,  1976; 
Handley,  1976).  Our  specimen,  captured  at  about  1900  hours  on  7 
September,  was  a male  with  testes  measuring  9 and  weighing  40.  The 
conditions  under  which  it  was  netted  are  discussed  in  the  account  for 
Pteronotus  personatus. 

At  the  present  time  three  species  of  Molossops  are  known  to  occur 
in  Suriname — M.  abrasus,  M.  greenhalli,  and  M.  planirostris.  Distin- 
guishing characters  of  M.  abrasus  include  much  larger  size  and  distinct 
patches  of  fur  along  the  forearm  and  metacarpels.  We  follow  Carter 
and  Dolan  (1978)  in  use  of  the  specific  name  abrasus  for  this  species, 
which  was  formerly  known  as  brachymeles.  We  have  retained  the 
subspecific  name  mastivus  for  the  population  in  northeastern  South 
America,  which  is  characterized  by  large  size  (Thomas,  1911;  Taddei 
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et  al.,  1976).  External  and  cranial  measurements  of  our  specimen  are 
as  follows:  length  of  forearm,  44.2;  greatest  length  of  skull,  24.3;  con- 
dylobasal  length,  21.6;  zygomatic  breadth,  15.9;  mastoid  breadth,  16.2; 
postorbital  breadth,  5.6;  length  of  maxillary  toothrow,  8.2;  breadth 
across  upper  molars,  9.9. 

Molossops  greenhalli  greenhalli  (Goodwin) 

Specimens  examined  (2). — Nickerie:  Grassalco,  4°46'N,  56°46'W,  2. 

Remarks.—  Our  specimens  of  M . greenhalli,  two  females  taken  on 
7 September  that  evinced  no  reproductive  activity,  are  the  first  re- 
ported occurrence  of  the  species  in  Suriname.  In  South  America,  M. 
greenhalli  has  been  recorded  from  Venezuela  (Handley,  1976)  and 
Trinidad  (Goodwin  and  Greenhall,  1961).  Our  specimens  represent  a 
southeastward  range  extension  in  South  America  of  about  550  km. 
Conditions  under  which  they  were  taken  are  discussed  in  the  account 
for  Pteronotus  personatus. 

M.  greenhalli  may  be  easily  distinguished  externally  from  M.  abra- 
sus  by  its  much  smaller  size;  from  M.  planirostris,  it  differs  in  having 
white-based  dorsal  hair  and  a solid  brown  venter.  Goodwin  (1958) 
discussed  external  and  cranial  measurements  of  these  species  of  Mo- 
lossops. 

M.  greenhalli  has  two  nominal  subspecies  (Jones  and  Genoways, 
1967).  Our  specimens  resemble  the  nominate  subspecies  in  being  small- 
er than  Mexican  and  Central  American  representatives  of  the  species. 
External  and  cranial  measurements  of  our  two  females  are  as  follows: 
length  of  forearm,  32.3,  32.5;  greatest  length  of  skull,  17.1,  17.0;  con- 
dylobasal  length,  15.6,  15.4;  zygomatic  breadth,  11.1,  11.3;  mastoid 
breadth,  10.3,  10.8;  postorbital  breadth,  4.5,  4.6;  length  of  maxillary 
toothrow,  6.0,  5.9;  breadth  across  upper  molars,  7.8,  7.7. 
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Abstract 

Standard  karyotypic  data  are  presented  for  28  species  involving  98  specimens.  The 
karyotype  of  Micronycteris  sylvestris,  M.  daviesi,  Phyllostomus  latifolius,  and  Tonatia 
schulzi  are  reported  for  the  first  time.  Chromosomal  variation  is  described  for  Rhino- 
phylla  pumilio  and  Rhogeessa  tumida.  Karyotypes  for  the  other  species  examined  were 
like  those  previously  described  in  the  literature. 

Introduction 

As  part  of  a study  of  the  mammalian  fauna  of  Suriname,  we  have 
examined  the  karyotypes  of  28  species  of  bats  (Table  1).  The  speci- 
mens reported  herein  are  part  of  the  sample  which  formed  the  basis 
for  the  report  by  Williams  and  Genoways  (1980)  on  bat  records  for 
Suriname.  Where  relevant,  as  in  Rhogeessa  tumida,  they  discuss  the 
reasons  for  conclusions  concerning  specific  identification.  In  many 
cases  where  karyotypes  of  species  are  indistinguishable  from  those 
previously  described  in  the  literature,  we  have  simply  presented  data 

1 Address:  The  Museum,  Texas  Tech  University,  Lubbock,  Texas  79409. 
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Fig.  1. — Representative  karyotype  of  a male  Micronycteris  daviesi  from  Suriname:  Sar- 
amacca;  Raleigh  Falls  (CM  63573). 


in  Table  1 and  Specimens  Examined.  In  cases  where  comment  is  mer- 
ited, data  for  species  are  discussed  below. 

Methods  and  Materials 

Standard  karyotypes  were  prepared  from  in  vivo  bone  marrow  techniques  (Baker, 
1970),  except  for  Choeroniscus  intermedius,  Thyroptera  tricolor,  Tonatia  schulzi,  and 
Rhinophylla  pumilio,  which  were  karyotyped  from  fibroblast  cultures  (Patton  and  Baker, 
1978).  A minimum  of  five  spreads  were  examined  per  specimen.  Microslides  are  depos- 
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Fig.  2. — Representative  karyotype  of  a female  Micronycteris  sylvestris  from  Suriname: 
Brokopondo;  Brownsberg  Nature  Park,  2 km  W,  8 km  S Brownsweg  (CM  63589). 
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Fig.  3. — Representative  karyotype  of  a female  Tonatia  silvicola  from  Suriname:  Sara- 
macca;  Raleigh  Falls  (CM  63681). 


ited  in  The  Museum,  Texas  Tech  University,  and  voucher  skins  and  skulls  are  deposited 
in  the  Section  of  Mammals,  Carnegie  Museum  of  Natural  History. 

Species  Accounts 

Micron vcteris  daviesi  (Hill) 

Fig.  1,  2n  = 28;  FN  = 52 

All  auto  so  tries  are  biarmed  and  10  pairs  are  metacentric  or  sub- 
metacentric,  whereas  three  pairs  are  subtelocentric.  One  medium- 
sized  subtelocentric  pair  of  autosomes  has  a secondary  constriction  on 
the  short  arm  near  the  centromere.  The  X is  a medium-sized  subtelo- 
centric and  the  Y is  a small  acrocentric.  Superficially,  this  karyotype 
appears  nearly  identical  to  that  described  for  M.  nicefori,  but  M.  ni- 
cefori has  one  additional  pair  of  medium-sized  subtelocentrics  and  no 
smaller  sized  subtelocentric  elements. 

Micronycteris  sylvestris  (Thomas) 

Fig.  2,  2n  - 22;  FN  = (36) 

The  karyotype  of  this  species  consists  of  nine  pairs  of  biarmed  and 
two  pairs  of  small  acrocentric  elements.  The  biarmed  elements  fall  into 
two  size  classes;  five  larger  pairs  have  a centromere  placement  which 
is  subtelocentric  in  nature  and  three  smaller  pairs  which  are  submeta- 
centric  in  nature.  As  only  females  were  examined,  the  X could  not  be 
identified;  however,  it  is  probably  one  of  the  biarmed  pairs  which 
would  make  the  FN  = 36.  This  species  has  the  lowest  diploid  number 
thus  far  reported  for  the  genus  (Baker,  1979).  Prior  to  this  report  the 
lowest  diploid  number  was  2n  = 28  (M.  hirsuta,  M.  nicefori,  and  M. 
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Fig.  4. — Representative  karyotype  of  a male  Tonatia  schulzi  from  Suriname:  Broko- 
pondo;  3 km  SW  Rudi  Kappelvliegveld  (CM  63687). 


minuta),  and  the  lowest  FN  was  32  for  M.  hirsuta.  Although  M.  hirsuta 
has  a karyotype  nearest  to  that  of  M.  sylvestris  in  diploid  and  funda- 
mental values,  the  two  karyotypes  are  not  similar  in  morphology  as 
M.  hirsuta  has  10  pairs  of  acrocentrics  in  the  cytotype  with  the  lowest 
diploid  value  (28). 
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Fig.  5. — Representative  karyotype  of  a male  Phyllostomus  latifolius  from  Suriname: 
Brokopondo;  Brownsberg  Nature  Park,  2 km  W,  8 km  S Brownsweg  (CM  63639). 
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Fig.  6. — Representative  karyotype  of  a male  Rhinophylla  pumilio  from  Suriname:  Bro- 
kopondo;  3 km  SW  Rudi  Kappelvliegveld  (CM  63749). 


Tonatia  silvicola  (D’Orbigny) 

Fig.  3,  2n  = 34;  FN  - 60 

The  karyotype  of  T.  silvicola,  which  was  reported  by  Gardner 
(1977),  is  identical  to  that  of  our  eleven  specimens  from  Suriname 
representing  four  localities. 

Tonatia  schulzi  Genoways  and  Williams 
Fig.  4,  2n  = 28;  FN  = 36 

The  karyotype  of  this  recently  described  species  (Genoways  and 
Williams,  1980)  consists  of  five  pairs  of  biarmed  elements  and  nine 
pairs  of  acrocentric  elements.  The  X and  Y are  acrocentric.  Two  pairs 
of  the  biarmed  elements  are  submetacentric  and  three  are  subtelocen- 
tric.  The  smallest  pair  of  biarmed  elements  has  a very  small  second 
arm.  The  nine  pairs  of  acrocentrics  form  a gradual  series  from  large 
to  small.  The  karyotype  of  this  species  is  unique  to  the  genus  in  the 
large  number  of  autosomal  acrocentric  elements  and  an  acrocentric  X 
element.  Based  on  standard  karyotypes,  it  is  impossible  to  determine 
to  which  other  species  of  the  genus  T.  schulzi  is  most  closely  related. 
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Fig.  7. — Representative  karyotype  of  a female  Choeroniscus  intermedius  from  Suri- 
name: Nickerie;  Grassalco  (embryo  from  CM  63702). 


Phyllostomus  latifolius  Thomas 
Fig.  5,  2n  = 32;  FN  = 60 

The  karyotype  of  this  species  is  identical  to  that  described  for  P. 
hastatus,  P.  elongatus,  and  Phylloderma  stenops.  All  autosomes  are 
biarmed  except  for  the  smallest  pair  which  is  acrocentric.  The  X ap- 
pears to  be  a medium-sized  submetacentric  and  the  Y a small  dot-like 
acrocentric. 
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Fig.  8. — Representative  karyotype  of  a female  Lonchophylla  thomasi  from  Suriname: 
Brokopondo;  Brownsberg  Nature  Park,  2 km  W,  8 km  S Brownsweg  (CM  63713). 
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Fig.  9. — Representative  karyotype  of  a female  Vampyressa  bidens  from  Suriname:  Bro- 
kopondo;  1 Vi  km  W Rudi  Kappelvliegveld  (CM  63894). 


Rhinophylla  pumilio  Peters 

Fig.  6,  2n  = 34;  FN  = 64 

Baker  and  Bleier  (1971)  reported  a 2n  = 36,  FN  gi  62  for  specimens 
of  this  species  from  Leticia,  Colombia.  A female  from  1 mi  west  Puerto 
Linares,  Dept,  of  LaPaz,  Bolivia,  collected  by  David  Webster,  had  a 
karyotype  like  that  reported  by  Baker  and  Bleier  (1971).  Four  speci- 
mens (a  female  and  her  male  embryo,  plus  another  male  and  female) 
from  Suriname  had  a 2n  = 34,  with  no  acrocentrics  (the  Colombian 
and  Bolivian  specimens  had  three  pairs  of  acrocentrics).  A centric 
fusion  of  two  acrocentric  pairs  found  in  the  Colombian  cytotypes  could 
explain  the  reduction  in  diploid  number  and  the  reduction  by  two  pairs 
in  the  number  of  acrocentrics  in  the  karyotype.  A pericentric  inversion 
or  short  arm  addition  of  heterochromatin  could  explain  the  additional 
differences  between  the  two  cytotypes. 

Choeroniscus  intermedius  (J.  A.  Allen  and  Chapman) 

Fig.  7,  2n  = 20;  FN  = (36) 

The  karyotype  of  this  mainland  specimen  of  Choeroniscus  inter- 
medius is  essentially  like  that  described  for  the  species  from  Trinidad 
(Baker,  1979).  Koopman  (1978)  has  discussed  the  relationship  of  the 
intermediate-sized  members  of  the  genus  in  South  America  and  has 
recognized  two  species — intermedius  and  minor.  Williams  and  Geno- 
ways  (1980)  have  followed  this  arrangement  but  have  questioned  the 
distinctness  of  these  taxa.  If  only  one  species  is  recognized,  the  name 
to  be  applied  would  be  Choeroniscus  minor  (Peters). 


244 


Annals  of  Carnegie  Museum 


vol.  49 


HA  f»h 


/)ft  {( rt  *n  r»  i>  no  »■ 


n. 

xy 

Fig.  10. — Representative  karyotype  of  a male  Thyroptera  tricolor  from  Suriname:  Bro- 
kopondo;  1 Vi  km  W Rudi  Kappelvliegveld  (CM  63894). 


Lonchophylla  thomasi  Allen 

Fig.  8,  2n  = 32;  FN  - 38 

Two  karyotypes  have  been  described  for  this  species.  Baker  (1973 
and  Plate  29  in  Baker,  1979)  reported  a 2n  = 30,  FN  = 34  for  L. 
thomasi.  Gardner  (1977)  reported  a 2n  = 32,  FN  = 38  forL.  thomasi. 
The  values  reported  by  Gardner  are  identical  to  those  for  the  karyotype 
of  our  six  specimens.  The  difference  between  the  two  karyotypes  is 
a minute  pair  of  distinctly  biarmed  elements  which  are  present  in  the 
2n  = 32  cytotype,  but  absent  in  the  2n  — 30  cytotype.  Gardner’s 
specimens  were  from  Peru,  which  means  the  2n  = 32  cytotype  is  found 
both  to  the  east  and  west  of  where  the  2n  = 30  form  was  collected 
(Leticia,  Colombia,  from  Baker,  1979). 

Vampyressa  bidens  (Dobson) 

Fig.  9,  2n  - 26;  FN  = (48) 

The  karyotype  of  Vampyressa  bidens  was  reported  by  Gardner 
(1977).  However,  he  presented  only  a drawing  of  the  karyotype. 
Karyotypes  of  our  specimens  are  like  those  figured  by  Gardner  and 
are  shown  in  Fig.  9. 
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Fig.  II. — Representative  karyotype  of  a female  Rhogeessa  tumida  from  Suriname:  Nick- 
erie;  Sipaliwini  Airstrip  (CM  63934). 


Vampyressa  brocki  Peterson 
2n  = 24;  FN  = 44 

Baker  et  al.  (1972&)  reported  the  karyotype  of  this  species  based  on 
examination  of  three  females.  Based  on  a heterochromatic  pair  in  the 
two  males  from  Suriname,  the  sex-chromosome  system  in  this  species 
appears  to  be  XX/XY.  Another  sex-chromosome  system  has  been  re- 
ported for  species  in  the  genus  (Baker,  1973)  where  the  males  have  a 
diploid  value  of  one  less  than  that  found  in  females. 

Thyroptera  tricolor  (Spix) 

Fig.  10,  2n  = 40;  FN  = 38 

Diploid  and  fundamental  values  were  reported  for  this  species  by 
Baker  (1970)  based  on  a specimen  from  Trinidad.  As  a karyotype  has 
not  been  published,  one  is  shown  in  Fig.  10. 

Rhogeessa  tumida  H.  Allen 
Fig.  11,  2n  = 52;  FN  = (52) 

Diploid  values  reported  for  R.  tumida  are  42,  34,  32,  and  30  (Bick- 
ham  and  Baker,  1977),  with  the  higher  diploid  numbers  being  found  in 
Central  America.  All  previously  examined  specimens  of  this  species 


Table  1. — Chromosomal  data  for  bats  from  Suriname.  Symbols  are  2n,  diploid  number;  FN , fundamental  number;  M,  metacentric; 

SM,  submetacentric;  ST,  subtelocentric;  A,  acrocentric. 
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from  South  America  (Trinidad  and  Venezuela)  have  a diploid  number 
of  30.  The  Suriname  specimen  does  not  fit  this  pattern  of  geographic 
distribution  of  cytotypes.  In  fact,  this  specimen  has  a higher  diploid 
number  than  has  previously  been  reported  for  the  family  Vespertili- 
onidae,  and  adds  further  support  to  the  fact  that  R.  tumida  (as  rec- 
ognized by  standard  taxonomic  methods)  contains  more  chromosomal 
variation  than  any  other  species  of  bat. 

In  our  opinion,  what  is  currently  recognized  as  R.  tumida  is  actually 
several  biological  species  which  are  difficult,  if  not  impossible,  to  dis- 
tinguish by  examination  of  skins  and  skulls.  Clearly,  the  factors  that 
promote  and/or  allow  chromosomal  evolution  are  different  in  R.  tumi- 
da than  in  most  other  species  of  bats  (especially  the  family  Vespertil- 
ionidae,  Bickham,  1979).  An  understanding  of  the  biology  of  this 
species  should  be  extremely  valuable  in  providing  insights  into  the  role 
of  chromosomal  change  in  evolution. 

Based  on  G-band  chromosome  data  from  the  2n  - 30  and  34  cyto- 
types, Bickham  and  Baker  (1977)  hypothesized  that  the  primitive  dip- 
loid number  for  the  genus  Rhogeessa  was  2n  - 50  with  a karyotype 
like  that  characteristic  of  Eptesicus  fuscus.  The  2n  = 52  cytotype  from 
Suriname  differs  in  gross  chromosomal  morphology  from  that  pro- 
posed as  primitive  for  the  genus  by  a higher  diploid  number  (by  two) 
and  a higher  fundamental  number  (by  four).  Several  different  combi- 
nations of  events  could  explain  these  differences;  however,  of  all  these 
events,  those  which  produced  the  higher  diploid  number  are  the  most 
difficult  to  explain  from  a cytogenetic  standpoint. 

Specimens  Examined 

Specimens  examined  from  Suriname  were  as  follows:  Saccopteryx  bilineata — Bro- 
kopondo:  3 km  SW  Rudi  Kappelvliegveld,  320  m,  3°46'N,  56°10'W  (S , CM  63536). 
Chrotopterus  auritus — Nickerie:  Sipaliwini  Airstrip  (d,  CM  63571).  Brokopondo:  3 km 
SW  Rudi  Kappelvliegveld,  320  m,  3°46'N,  56°10'W  (9,  CM  63570).  Micronycteris  da- 
viesi — Saramacca:  Raleigh  Falls,  4°44'N,  56°12'W  (d,  CM  63573).  Micronycteris  meg- 
alotis — Brokopondo:  1 Vi  km  W Rudi  Kappelvliegveld,  330  m,  3°47'N,  56°10'W  (d,  CM 
63575).  Micronycteris  minuta — Commewijne:  Nieuwe  Grond  Plantation,  5°53'N, 
54°54'W  (9,  CM  63582).  Micronycteris  nicefori — Commewijne:  Nieuwe  Grond  Planta- 
tion, 5°53'N,  54°54'W  (9,  CM  63586).  Brokopondo:  1 km  N Rudi  Kappelvliegveld,  300 
m,  3°48'N,  56°08'W  (9  , CM  63585).  Micronycteris  sylvestris — Brokopondo:  Brownsberg 
Nature  Park,  2 km  W,  8 km  S Brownsweg,  4°55'N,  55°11'W  (79,  CM  63587-89,  63592- 
94,  63598).  Mimon  crenulatum — Commewijne:  Nieuwe  Grond  Plantation,  5°53'N, 
54°54'W  (9,  CM  63608).  Brokopondo:  3 km  SW  Rudi  Kappelvliegveld,  320  m,  3°46'N, 
45°10'W  (49,  CM  63599,  63502-03,  63605;  4d,  CM  63600-01,  63604,  63606).  Phyllo- 
derma  stenops — Saramacca:  Raleigh  Falls,  4°44'N,  56°12'W  (S,  CM  63614).  Brokopon- 
do: Brownsberg  Nature  Park,  2 km  W,  8 km  S Brownsweg,  4°55'N,  55°11'W  (d,  CM 
63609);  3 km  SW  Rudi  Kappelvliegveld,  320  m,  3°46'N,  45°10'W  (9,  CM  63610).  Phyl- 
lostomus  latifolius — Brokopondo:  Brownsberg  Nature  Park,  2 km  W,  8 km  S Brown- 
sweg, 4°55'N,  55°1  F W ( 9 , CM  63638;  S , CM  63639);  Rudi  Kappelvliegveld,  320  m,  3°47'N, 
56°08'W  (9,  CM  63649);  1 km  N Rudi  Kappelvliegveld,  300  m,  3°48'N,  56°80'W  (49, 
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CM  63640-43;  Id,  CM  63645);  3 km  SW  Rudi  Kappelvliegveld,  320  m,  3°46'N,  56°10'W 
(3  9,  CM  63650-52);  IV2  km  W Rudi  Kappelvliegveld,  330  m,  3°47'N,  56°10'W  (29,  CM 
63646,  63648).  Tonatia  schulzi — Brokopondo:  1 km  N Rudi  Kappelvliegveld,  300  m, 
3°48'N,  56°08'W  (d,  CM  63686);  3 km  SW  Rudi  Kappelvliegveld,  320  m,  3°46'N, 
56°10'W  (d,  CM  63687).  Tonatia  bidens — Saramacca:  Voltzberg,  4°40'N,  56°12'W  (29, 
CM  63664-65);  Bitagron,  5°06'N,  56°04'W  (9,  CM  63663).  Nickerie:  Grassalco,  4°46'N, 
56°46' W (3  9 , CM  63659-60,  63662).  Brokopondo:  Rudi  Kappelvliegveld,  320  m,  3°47'N, 
56°08'W  (d,  CM  63658).  Tonatia  brasiliense — Commewijne:  Nieuwe  Grond  Plantation, 
5°53'N,  54°54'W  (9,  CM  63667).  Tonatia  silvicola — Saramacca;  Raleigh  Falls,  4°44'N, 
56°12'S  (9,  CM  63681);  Voltzberg,  4°40'N,  56°12'W  (9,  CM  63685;  2d,  CM  63683-84); 
Bitagron,  5°06'N,  56°04'W  (9,  CM  63680).  Brokopondo:  Brownsberg  Nature  Park,  2 
km  W,  8 km  S Brownsweg,  4°55'N,  55°11'W  (29,  CM  63672,  63679;  4d,  CM  63669-71, 
63674).  Trachops  cirrhosus — Nickerie:  Sipaliwini  Airstrip  (9,  CM  63689).  Anoura  cau- 
difer — Brokopondo:  1 km  N Rudi  Kappelvliegveld,  300  m,  3°48'N,  56°08'W  (d,  CM 
63696).  Anoura  geoffroyi — Nickerie:  Sipaliwini  Airstrip  (9,  CM  63699).  Choeroniscus 
intermedius — Nickerie:  Grassalco,  4°46'N,  56°46'W  (9,  CM  63702).  Lionycteris  spur- 
relli — Nickerie:  Grassalco,  4°46'N,  56°46'W  (9,  CM  63711).  Lonchophylla  thomasi — 
Nickerie:  24  km  S,  60  km  E Apoera,  4°41'N,  56°07'W  (2d,  CM  63718-19).  Brokopondo: 
Brownsberg  Nature  Park,  2 km  W,  8 km  S Brownsweg,  4°55'N,  55°11'W (9,  CM  63713). 
Nickerie:  Sipaliwini  Airstrip  (d,  CM  63750).  Rhinophylla  pumilio — Brokopondo:  3 km 
SW  Rudi  Kappelvliegveld,  320  m,  3°46'N,  56°10'W  (19  and  her  d embryo,  CM  63749); 
Brownsberg  Nature  Park,  2 km  W,  8 km  S Brownsweg,  4°55'N,  55°11'W  ( 9 , CM  63744). 
Mesophylla  macconnelli — Nickerie:  Sipaliwini  Airstrip  (d,  CM  63830).  Commewijne: 
Nieuwe  Grond  Plantation,  5°53'N,  54°54'W  (9,  CM  63829).  Uroderma  bilobatum — 
Nickerie:  Sipaliwini  Airstrip  (3  9,  CM  63855-56,  63858;  d,  CM  63857).  Brokopondo: 
Brownsberg  Nature  Park,  2 km  W,  8 km  S,  Brownsweg,  4°55'N,  55°H'W  (19,  CM 
63863;  4d,  CM  63860,  63862,  63864-65);  Rudi  Kappelvliegveld,  320  m,  3°47'N,  56°08'W 
(9,  CM  63853;  d,  CM  63852);  1 km  N Rudi  Kappelvliegveld,  300  m,  3°48'N,  56°08'W 
(29,  CM  63866-67);  3 km  SW  Rudi  Kappelvliegveld,  320  m,  3°46'N,  56°10'W  (9,  CM 
63854).  Vampyressa  bidens — Brokopondo:  3 km  SW  Rudi  Kappelvliegveld,  320  m, 
3°46'N,  56°10;W  (9,  CM  63870);  IV2  km  W Rudi  Kappelvliegveld,  330  m,  3°47'N, 
56°10'W  (9,  CM  63869).  Vampyressa  brocki — Nickerie:  24  km  S,  60  km  E Apoera, 
4°41'N,  56°07'W  (2d,  CM  63871-72).  Vampyrops  helleri — Nickerie:  Sipaliwini  Airstrip 
(9,  CM  63883;  d,  CM  63882).  Brokopondo:  Rudi  Kappelvliegveld,  320  m,  3°47'N, 
56°08'W  (9,  CM  63879).  Thyroptera  tricolor — Brokopondo:  IV2  km  W Rudi  Kappelv- 
liegveld, 330  m,  3°47'N,  56°10'W  (d,  CM  63894).  Rhogeessa  tumida — Nickerie:  Sipal- 
iwini Airstrip  ( 9 , CM  63934). 
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Abstract 

Morphological  data  from  the  three  subspecies  of  Mauremys  caspica  are  analyzed  and, 
along  with  distributional  and  biochemical  information,  suggest  the  recognition  of  M.  c. 
leprosa  as  a distinct  species.  Mauremys  c.  caspica  and  M.  c.  rivulata  are  distinct  pop- 
ulations but  apparently  remain  genetically  contiguous.  Morphological  variation  among 
the  three  taxa  was  found  to  be  discordant  with  genetic  variation;  implications  of  this 
result  for  the  evolutionary  history  of  Mauremys  are  discussed. 


Introduction 

Mauremys  caspica  contains  three  currently  recognized  subspecies 
which  are  distributed  around  the  Mediterranean.  Iberian  and  North 
African  populations  are  designated  M.  c.  leprosa  (Schweigger)  1812, 
northeastern  Mediterranean  populations  M.  c.  rivulata  (Valenciennes) 
1835,  and  those  from  central  Turkey  and  the  interior  middle  east  to 
Iran,  M.  c.  caspica  (Gmelin)  1774. 

Merkle’s  (1975)  study  of  protein  variation  uncovered  differences 
among  the  Mediterranean  Mauremys.  No  differences  were  found  be- 
tween M.  c.  caspica  and  M.  c.  rivulata  (of  17  proteins  examined),  but 
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Table  1. — Statistical  results  from  comparisons  among  adult  Mauremys  leprosa,  M.  c. 
caspica,  and  M.  c.  rivulata.  All  measurements  in  mm;  damaged  or  incomplete  char- 
acters not  included. 


Mauremys  leprosa 

Mauremys  caspica  rivulata 

Mauremys  caspica  caspica 

tistics 

Males 

Females 

Males 

Females 

Males 

Females 

Carapace  length 

Mean 

105.1 

139.1 

98.1 

124.8 

115.0 

154.8 

SE 

4.84 

7.05 

4.04 

7.23 

5.24 

6.86 

N 

44 

38 

30 

21 

56 

44 

Carapace  width 

Mean 

73.8 

101.2 

69.5 

87.2 

78.4 

105.2 

SE 

3.11 

5.22 

2.63 

4.72 

3.14 

4.19 

N 

44 

38 

30 

21 

56 

44 

Carapace  height 

Mean 

37.3 

52.9 

33.6 

45.7 

38.3 

59.9 

SE 

1.92 

2.66 

1.47 

2.98 

1.64 

2.81 

N 

44 

38 

30 

21 

56 

44 

Marginal  width 

Mean 

13.1 

11.8 

15.2 

12.1 

13.1 

11.6 

SE 

1.61 

0.47 

2.74 

0.45 

0.93 

0.31 

N 

44 

38 

30 

20 

56 

44 

Bridge  width 

Mean 

32.0 

46.8 

30.0 

42.0 

33.2 

52.4 

SE 

1.54 

2.67 

1.43 

2.75 

1.61 

2.56 

N 

44 

37 

30 

21 

56 

44 

Plastron  length 

Mean 

92.0 

128.7 

86.7 

115.7 

99.4 

144.6 

SE 

4.33 

6.91 

3.98 

7.20 

4.57 

6.41 

N 

44 

38 

30 

21 

56 

44 

Head  width 

Mean 

18.2 

24.3 

14.8 

19.8 

16.8 

21.5 

SE 

0.75 

1.16 

0.56 

1.04 

0.72 

1.05 

N 

43 

34 

25 

16 

39 

28 

Precloacal  length 

Mean 

14.0 

10.3 

16.7 

9.4 

19.8 

11.3 

SE 

0.76 

0.69 

1.06 

0.76 

0.87 

0.70 

N 

44 

38 

30 

21 

55 

44 

Postcloacal  length 

Mean 

31.4 

40.2 

26.2 

35.3 

29.2 

41.3 

SE 

0.81 

1.53 

0.62 

1.87 

0.74 

1.95 

N 

33 

29 

25 

13 

46 

30 
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M.  c.  leprosa  shared  only  13  of  17  proteins  with  M.  c.  caspica  and  M. 
c.  rivulata.  Although  only  a few  specimens  lacking  exact  locality  in- 
formation were  investigated,  this  apparent  genetic  variability  stimu- 
lated us  to  examine  the  extent  and  possible  significance  of  morpholog- 
ical differentiation  in  these  turtles. 

Materials,  Methods,  and  General  Findings 

We  examined  349  specimens;  geographic  and  sexual  representation  were  as  follows 
(numbers  in  parentheses  represent  adult  8 8,  adult  9 9,  and  juveniles,  respectively;  see 
Specimens  Examined  for  exact  localities): 

Mauremys  caspica  caspica — Iran  (25,  15,  9),  Iraq  (4,  10,  7),  Saudi  Arabia  (19,  11,  8), 
Syria  (1,  2,  0),  Turkey  (7,  7,  3),  U.S.S.R.  (0,  0,  1); 

M.  c.  leprosa — Algeria  (5,  1,  8),  Dahomey  (2,  0,  0),  Libya  (0,  0,  1),  Morocco  (14,  18, 
11),  Spain  (13,  14,  21),  Tunisia  (12,  5,  27); 

M.  c.  rivulata — Crete  (0,  1,2),  Cyprus  (1,  0,  0),  Greece  (9,  6,  5),  Israel  (15,  5,  3), 
Jordan  (1,  0,  0),  Lebanon  (1,  sex  unknown),  Romania  (0,  0,  1),  Turkey  (5,  8,  3),  Yu- 
goslavia (1,  1,0). 

Straight-line  measurements  of  each  adult  specimen  were  taken  to  0.1  mm  with  dial 
calipers,  or  to  1.0  mm  with  metal  dividers,  of  the  greatest  plastron  length  (PL),  carapace 
length  (CL),  carapace  width  (CW),  and  carapace  height  (CH)  at  the  level  of  the  seam 
between  vertebrals  2 and  3.  Marginal  width  (MW)  was  determined  by  subtracting  the 
width  across  the  pleurals  (between  the  marginal-pleural  seams  at  the  level  of  vertebrals 
2 and  3)  from  CW.  Shortest  bridge  width  (BW),  head  width  across  the  tympanum  (HW), 
pre-  (PCL)  and  post-  (PoCL)  cloacal  lengths,  and  medial  seam  lengths  of  all  plastral 
scutes  were  also  recorded  (Table  1).  Notes  and  drawings  were  made  of  head,  neck, 
limb,  carapacial,  plastral,  and  bridge  patterns. 

A plastral  formula,  determined  by  ranking  scutes  one  to  six  according  to  medial  seam 
length,  was  assigned  to  each  population  by  calculating  the  mean  rank  of  each  plastral 
element  within  that  population  (Kendall,  1962: 101).  Where  scutes  differ  by  one  full  rank 
or  more,  the  symbol  ))  is  used;  nomenclature  of  shell  scutes  follows  Zangerl  (1969). 
Kendall’s  Coefficient  of  Concordance  (W)  (Friedman,  1940;  Kendall,  1962)  was  applied 
to  each  computed  plastral  formula.  Values  of  W ranged  between  0.82  and  0.90,  and  all 
were  significant  for  their  respective  sample  sizes  at  the  0.05  level. 

We  began  our  analysis  of  variation  expecting  museum  collections  of  turtles  to  be 
skewed  heavily  toward  specimens  which  fit  into  standard-size  containers;  we  were  not 
disappointed.  Constraints  imposed  by  research  in  foreign  lands  led  many  field  workers 
to  collect  only  medium-size  animals.  We  minimized  the  effect  of  this  truncation  by 
converting  measurements  to  logarithms,  as  the  variance  of  log-transformed  data  esti- 
mates intrinsic  variability  and  is  unaffected  by  size  (Lewontin,  1966;  Moriarty,  1977). 

Bartlett’s  test  for  homogeneity  of  variances  was  applied  to  each  transformed  popu- 
lation data  set.  Homoscedastic  characters  were  further  subjected  to  a covariance  anal- 
ysis (ANOCOVA)  in  which  plastron  length  was  set  as  the  independent  variable.  Char- 
acters showing  heteroscedasticity  violate  an  assumption  of  the  ANOCOVA  test,  and 
were  not  considered  further.  Between-population  variances  for  all  characters  were  ho- 
mogeneous among  all  populations. 

Significance  levels  for  all  statistical  tests  were  set  at  0.05;  where  appropriate,  the 
probability  is  that  of  committing  a Type  I error  in  a two-tailed  test. 

Although  allometry  is  correctly  assessed  only  from  the  study  of  growth  of  an  individ- 
ual, we  used  several  individuals  of  different  sizes  from  a locality  to  obtain  estimates  of 
allometric  coefficients  (Gould,  1966).  Identification  of  the  ailometric  growth  influence  by 
using  regression  slopes  derived  from  transformed  data  is  acceptable  for  our  purposes 
(Thorpe,  1976). 
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Fig.  1. — Regression  of  precloacal  tail  length  (ordinate)  on  plastron  length  (abscissa)  in 
male  (closed  circles)  and  female  (open  circles)  Mauremys.  Axis  values  are  base  10 
logarithms.  A)  Mauremys  c.  caspica — y 66  = —(0.79  ± 0.66)  + (1.03  ± 0.34)x,  r = 
0.49;  y $ $ = -(1.00  ± 0.39)  + (0.95  ± 0.19)x,  r = 0.75.  B)  M.  c.  rivulata— y 6 6 = 
-(0.26  ± 0.19)  + (0.78  ± 0. 10)x,  r = 0.74;  y $ $ = (0.11  ± 0.41)  + (0.43  ± 0.19)x,  r = 
0.33.  C)  M.  leprosa— y 6 6 = -(0.48  ± 0.27)  + (0.82  ± 0.14)x,  r = 0.67;  y $ 9 = 
-(0.59  ± 0.31)  + (0.75  ± 0.15)x,  r = 0.64.  In  spite  of  low  correlation  coefficients, 
precloacal  tail  lengths  show  a significant  relationship  to  plastral  lengths  in  each  sex  of 
all  populations. 


We  recognize  the  error  of  strict  interpretation  of  covariance  and  regression  analysis 
when  there  is  no  truly  independent  variable  on  a turtle  shell  (Mosimann  and  Bider, 
1960).  We  feel  that  greater  error  would  be  obtained  from  analysis  of  non-normally  dis- 
tributed ratios  of  body  proportions  which  have  neither  analytically  known  variance 
(Atchley  et  al.,  1976;  Atchley  and  Anderson,  1978)  nor  dimension. 
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Turtles  are  sexually  dimorphic  and  sexes  were  analyzed  separately.  Except  for  pre- 
cloacal  length  in  all  populations  and  marginal  width  in  M.  c.  caspica  and  M.  c.  rivulata, 
females  are  larger  than  males  within  their  respective  populations.  Between-sex  com- 
parisons among  all  populations  demonstrate  significant  slope  and  elevation  differences 
when  precloacal  length  is  regressed  against  plastron  length  (Fig.  1). 

Character  means  within  each  specific  locality  (country)  were  used  to  construct  an 
index  of  dissimilarity  within  and  between  populations  using  the  Euclidean  distance  ma- 
trix function  of  the  computer  program  BMDP2M  (Engelman,  1977).  Fig.  2 provides  an 
Euclidean  distance  summary  of  the  degree  of  inter-  and  intrapopulation  variation  in 
these  three  nominal  taxa. 


Systematic  Considerations 
Western  Populations 

Mediterranean  populations  of  Mauremys  consist  of  two  species,  one 
of  which,  Mauremys  leprosa  (Schweigger)  1812,  comb,  nov.,  is  signif- 
icantly different  in  protein  composition  (Merkle,  1975),  shell  and  head 
shape,  and  distribution  from  both  subspecies  of  Mauremys  caspica. 
Although  not  significantly  different  from  either  subspecies  of  M.  cas- 
pica when  only  plastron  length  is  considered,  the  allometric  relation- 
ship of  head  width  (y)  to  plastron  length  (x)  is  significantly  different 
when  M.  leprosa  males  and  females  are  compared  with  males  and 
females  of  either  M.  c.  rivulata  or  M.  c.  caspica  (F  = 24.50  to  131.90, 
df  = 1,47  to  1,79). 

Among  males,  the  differing  relationships  of  precloacal  length  to  plas- 
tron length  (Fig.  1)  and  precloacal  length  to  postcloacal  length  are 
significant  between  both  M.  leprosa  and  M.  c.  rivulata  (F  = 5.85, 
26.39;  df  = 1,71  and  1,55,  respectively),  and  M.  leprosa  and  M.  c. 
caspica  (F  = 38.31,  12.06;  df  = 1,96  and  1,76,  respectively). 

Females  of  M.  leprosa  show  significantly  different  relationships  of 
carapace  width  to  plastron  length  when  compared  to  M.  c.  rivulata 
(F  = 16.54,  df  = 1,56)  and  M.  c.  caspica  (F  = 33.69,  df  = 1,79). 

In  addition  to  those  differences  seen  between  M.  leprosa  and  both 
M.  c.  rivulata  and  M.  c.  caspica , there  are  also  significant  differences 
which  are  unique  to  two  population  comparisons.  M.  leprosa  differs 
from  M.  c.  rivulata  in  male  head  width  (F  = 10.27,  df  = 1,66)  and 
postcloacal  length  (F  = 24.65,  df  = 1,56)  while  the  female  relationships 
of  carapace  height  and  postcloacal  length  to  plastron  length  (F  = 10.77, 
7.70;  df  = 1,41  and  1,56,  respectively)  differ. 

Carapace  color  in  M.  leprosa  is  generally  tan  to  olive  with  large, 
black-bordered,  yellow  to  orange  blotches  on  each  scute;  a series  of 
longitudinal  stripes  forming  a broken  mid-dorsal  stripe  is  usually  pres- 
ent. M.  c.  caspica  and  M.  c.  rivulata  are  brown  to  olive  with  yellow 
to  cream-colored  reticulations  patterning  the  scutes;  some  individuals 
have  yellow  vertebral  stripes,  the  lines  of  which  fade,  while  pleural 
seam  borders  become  darker,  with  age. 


256 


Annals  of  Carnegie  Museum 


vol.  49 


M.  LEPROSA 


1.60 

/ 


M,  C.  RIVULATA 
Turkey  


M.  C,  CASPICA 
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Saudi  Arabia 


Fig.  2.— Summary  of  Euclidean  distance  matrix.  Numbers  represent  minimum  distance 
measure  for  males/females.  Note  that  the  minimum  distance  for  M.  c.  caspica-M.  c. 
rivulata  in  an  area  of  contact  (Turkey)  exceeds  all  intrapopulation  comparisons  for  this 
species. 


Mauremys  leprosa  has  a large,  central,  dark  brown  or  black  blotch 
sometimes  containing  a yellow  median  streak  on  its  yellow  plastron; 
M.  c.  caspica  has  a yellow  plastron  with  variable  reddish  to  dark 
brown  blotches.  The  plastron  of  M.  c.  rivulata  is  dark  brown  to  black 
with  a yellow  blotch  along  lateral  scute  margins. 

Neck  stripes  in  M.  leprosa  pass  above  the  tympanum  and  extend  to 
the  orbit.  An  often  incomplete  yellow  ring  encircles  the  tympanum 
while  a yellow  line  extends  from  the  neck  to  the  corner  of  the  mouth 
and  continues  along  the  border  of  the  maxilla  to  its  medial  tip.  An 
ocellus  of  yellow,  sometimes  connected  to  the  tympanic  ring,  is  located 
between  tympanum  and  orbit.  Continuing  from  the  neck  stripes,  sev- 
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eral  lines  extend  across  the  tympanum  to  contact  the  posterior  rim  of 
the  orbit  in  M.  c.  caspica  and  M.  c.  rivulata.  Lines  passing  dorsally 
around  the  orbit  generally  meet  above  the  tip  of  the  snout;  two  addi- 
tional lines  which  continue  across  the  snout  are  found  ventral  to  the 
orbit. 

Plastral  formula  for  male  M.  leprosa  is  abdominal  ) > femoral  ) pec- 
toral >)  gular  ) anal  ))  humeral;  female  plastral  formula  is  abdominal 
))  pectoral  ) femoral  ))  gular  ) anal  ) humeral.  Male  M.  c.  rivulata 
plastral  formula  is  abdominal  ) femoral  ))  pectoral  ))  gular  ) anal  ) 
humeral,  whereas  that  for  M . c.  caspica  is  femoral  ) abdominal  )) 
pectoral  ))  gular  ) humeral  ) anal.  Female  M.  c.  rivulata  demonstrate 
abdominal  ) femoral  ) ) pectoral  ) ) gular  ) anal  ) humeral  as  a plastral 
formula,  whereas  M.  c.  caspica  is  generally  abdominal  ) femoral  ) 
pectoral  )>  gular  ))  humeral  ) anal  in  formula.  Of  interest  is  the  con- 
sistent relationship  of  anal  and  humeral  within  a taxon,  regardless  of 
sex. 

Mauremys  leprosa  occupies  the  western  end  of  the  Mediterranean 
Sea  from  the  Iberian  peninsula  to  Morocco,  Algeria,  Tunisia,  Libya, 
Senegal,  and  Niger  (Papenfuss,  1969).  Although  Loveridge  and  Wil- 
liams (1957:201,  footnote)  discard  the  record  from  Porto  Novo,  Da- 
homey, we  examined  two  specimens  (MHNP  1917-21  and  1917-22) 
from  this  locality  and  suggest  that  they  represent  either  transported 
specimens  or  a sample  from  a relict  population  which  is  no  longer 
extant.  Braestrup  (1947-1948)  provides  convincing  evidence  for  the 
possibility  of  a relict  population.  Pleistocene  moist  periods  altered 
principal  river  connections  across  the  Sahara  sufficiently  to  provide 
for  transport  of  Mauremys.  Dahomey  should  be  regarded  as  a valid 
locality  for  the  species. 

Examination  of  juvenile  M.  leprosa  revealed  apparent  variation  in 
the  plastral  coloration.  We  first  used  a 2 x 3 contingency  table  to 
confirm  our  suspicion  that  turtles  having  a large  amount  of  plastral 
pigmentation  represented  homogeneous  proportions  among  samples 
from  Algeria,  Morocco,  and  Spain  (x2  = 1.79,  .75  < P < .90),  and  then 
used  a 2 x 2 contingency  table  to  compare  juveniles  from  Spain,  Mo- 
rocco, and  Algeria  with  those  from  Libya  and  Tunisia.  Juvenile  M. 
leprosa  from  Tunisia  and  Libya  have  a plastral  pattern  different  from 
those  of  Spain,  Morocco,  and  Algeria  (x2  — 74.72,  .001  < P < .005; 
Table  2);  individuals  up  to  110  mm  in  plastron  length  from  these  latter 
areas  demonstrate  central  dark  blotches  which  are  surrounded  by  a 
narrow  yellow  border  and  cover  most  of  the  plastron.  The  anterior  half 
of  the  plastron  is  as  heavily  pigmented  as  the  posterior  half  and  a 
narrow  yellow  midseam  is  sometimes  present.  Turtles  from  Libya  and 
Tunisia  have  much  reduced  dark  pigment  on  the  gulars,  humerals,  and 
the  anterior  half  of  the  pectoral  scutes. 
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Table  2.-2  x 2 Contingency  Table  for  anterior  plastron  pattern  of  juvenile  Mauremys 

leprosa. 


Characters 

Algeria- 

Morocco-Spain 

Tunisia-Libya 

Totals 

Pigmentation  extensive 

67 

3 

70 

Reduced  pigmentation 

9 

40 

49 

Totals 

76 

43 

119 

Carapace  pattern  variation  has  been  reported  within  Tunisian  pop- 
ulations of  M.  leprosa  (Mosauer,  1934).  Specimens  from  Gafsa  showed 
uniformly  brown  carapaces,  whereas  those  from  Gabes  had  rather  dis- 
tinct patterns  which  consisted  of  sharply  outlined  red  spots  on  the 
pleural  scutes  and  some  red  on  each  marginal.  Especially  obvious  in 
young  individuals,  red  spots  became  indistinct  in  the  older  turtles 
whose  pleurals  were  colored  light  yellow  or  cream  with  darker  edges. 

Despite  these  obvious  coloration  differences,  the  biological  signifi- 
cance of  which  is  unknown,  we  choose  not  to  designate  Tunisian-Lib- 
yan  populations  of  M.  leprosa  as  a different  taxon. 

Eastern  Populations 

Mauremys  caspica  (Gmelin)  1774  consists  of  two  subspecies — M.  c. 
caspica  (Gmelin)  1774,  and  M.  c.  rivulata  (Valenciennes)  1835 — and 
our  analysis  revealed  significant  differences  between  these  populations 
as  well.  Between  males,  plastron  lengths  are  equivalent,  pre-  (F  = 
5.81,  df  = 1,83)  and  post-  (F  - 7.31,  df  = 1,69)  cloacal  lengths,  and 
the  allometric  relationships  of  carapace  length  (F  = 6.90,  df  = 1,83), 
bridge  width  (F  = 26.82,  df  = 1,83),  and  postcloacal  length  (F  = 6.64, 
df  = 1,68)  with  plastron  length  are  significantly  different.  Mauremys 
c.  caspica  and  M.  c.  rivulata  males  also  demonstrate  significantly  dif- 
ferent relationships  of  postcloacal  length  to  precloacal  length  (F  = 
6.84,  df  = 1,68). 

Females  of  the  subspecies  do  not  show  equivalent  plastral  lengths 
(F  = 5.57,  df  = 1,63)  and  are  also  different  from  each  other  in  carapace 
width  (F  = 5.47,  df  = 1,63),  length  (F  - 5.54,  df  = 1,63),  and  height 
(F  = 8.10,  df  = 1,63).  Relationships  of  bridge  width  (F  = 9.37,  df  = 
1,62)  and  carapace  height  (F  = 5.96,  df  = 1,62)  to  plastral  length  are 
also  significantly  different. 

In  addition  to  the  above,  M.  c.  caspica  has  a yellow  bridge  and 
plastron  rather  than  the  totally  dark  combination  seen  in  individuals 
of  M.  c.  rivulata.  Additional  color  detail  and  plastral  formulae  data 
have  been  presented  in  the  section  on  M.  leprosa. 
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Fig.  3. — Presumed  distribution  of  M.  caspica  in  Turkey  and  the  Middle  East.  Closed 
circles  represent  M.  c.  caspica  examined,  open  circles,  M.  c.  rivulata.  Hatched  area 
represents  presumed  range  of  M.  c.  caspica,  unhatched,  M.  c.  rivulata.  See  discussion 
for  further  information. 


Mauremys  c.  caspica  occurs  in  Iraq,  Saudi  Arabia,  Turkey  (Fig.  3), 
the  U.S.S.R.  from  the  eastern  Transcaucasus  west  to  Tiflis  but  not 
farther  than  Surami  Pass  (Nikol’skii,  1915),  and  Iran  to  the  Zagros 
Mountains  of  the  central  plateau  (Anderson,  1979;  Schleich,  1977; 
Tuck,  1971).  Mauremys  c.  rivulata  is  found  throughout  southeastern 
Europe  (Arnold  and  Burton,  1978:259),  Lebanon,  Israel,  coastal  Syria, 
and  Turkey  (Fig.  3). 

Fig.  2 illustrates  lesser  values  for  the  minimum  Euclidean  distance 
between  M . leprosa  and  M.  c.  rivulata  than  between  M . leprosa  and 
M.  c.  caspica.  This  phenetic  similarity  of  M.  leprosa  with  M.  c.  ri- 
vulata may  be  interpreted  either  as  retention  of  the  ancestral  mor- 
phology or  as  a reflection  of  adaptive  convergence.  We  prefer  the  first 
alternative  because  it  seems  most  parsimonious  with  our  knowledge 
of  the  climatology  of  this  region  to  assume  that  the  common  ancestor 
resembled  M.  leprosa  and  M . c.  rivulata  more  than  M . c.  caspica. 
This  interpretation,  of  necessity,  precludes  the  long-term,  mesic  nature 
of  the  Mediterranean  basin  and  derivation  of  these  three  taxa  under 
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these  conditions.  If  M.  c.  caspica  most  resembles  a common  ancestor 
that  evolved  under  xeric  conditions,  then  M.  leprosa  and  M.  c.  rivulata 
are  the  most  derived  and  their  resemblance  to  each  other  could  be  a 
reflection  of  adaptive  convergence. 

Discussion 

Even  though  electrophoretic  (Merkle,  1975)  and  morphological  (this 
study)  differences  are  found  between  M.  leprosa  and  M.  caspica,  it  is 
on  the  basis  of  both  distribution  and  biochemistry  that  we  elevate  M. 
leprosa  to  full  species  status.  Mauremys  leprosa  shares  only  13  (of  17 
examined)  protein  systems  with  M.  caspica  and  possesses  three  sys- 
tems which  are  lacking  in  M.  caspica ; this  unique  protein  constitution 
suggests  a reduced  exchange  of  genetic  material  between  populations. 

Geographic  isolation  leading  to  complete  cessation  of  gene  flow 
could  almost  certainly  have  been  initiated  when  Mediterranean  cur- 
rents became  what  they  are  today,  probably  during  the  Pliocene  (Berg- 
gren  and  Van  Couvering,  1974).  Extreme  eastern  populations  of  M. 
leprosa  in  Libya  are  separated  by  700  km  of  Mediterranean  Sea  from 
the  nearest  populations  of  M.  c.  rivulata  in  Greece.  Although  sea  water 
tolerance  in  M.  leprosa  (Schoffeniels  and  Tercafs,  1966)  would  allow 
rafting  as  a means  for  successful  exchange  of  individuals  between  pop- 
ulations, surface  current  analysis  provides  evidence  in  support  of  com- 
plete geographical  isolation.  A turtle  rafting  east  and  passing  Libya’s 
Gulf  of  Sidra  would  have  to  fight  a clockwise  surface  current  to  avoid 
being  sent  back  to  Libya;  northward  and  eastward  currents  off  Yu- 
goslavia and  Greece,  respectively,  present  similar  barriers  to  any  M. 
c.  rivulata  rafting  west  (U.S.  Naval  Oceanographic  Office,  1965). 

U.N.E.S.C.O.-F.A.O.  (1963)  provides  a “xerothermic  index” 
which  we  use  to  compare  local  climates.  Addition  of  the  xerothermic 
indexes  for  months  of  mean  relative  humidity  below  40%  gives  the 
number  of  physiologically  dry  days  in  a year. 

Populations  of  M.  leprosa  and  M.  c.  rivulata  live  in  regions,  desig- 
nated Meso-  and  Thermomediterranean  by  Emberger  et  al.  (1962),  typ- 
ified by  having  0 to  175  physiologically  dry  days  per  year  under  similar 
temperature  regimes.  May  (after  the  rainy  season)  and  September  (just 
beginning  the  rainy  season)  dates  for  egg  laying  have  been  cited  from 
the  literature  by  Loveridge  and  Williams  (1957:197)  for  M.  leprosa. 
Copulation  in  M.  c.  rivulata  has  been  observed  in  April,  with  eggs 
having  been  found  in  June  (Nikol’skii,  1915).  Packard  et  al.  (1977)  have 
documented  the  importance  of  soil  water  availability  and  mineral  sup- 
ply to  the  survival  and  normal  development  of  turtle  eggs  and  we 
reason  that  conditions  during  the  physiologically  dry  days  under  which 
the  eggs  develop  also  affect  the  habitat  for  the  year’s  hatchlings. 
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If  these  conditions  resemble  ancestral  conditions,  as  we  reason  they 
do,  then  the  similarity  between  M.  leprosa  and  M.  c.  rivulata  is  most 
probably  due  to  their  lack  of  divergence  from  a common  ancestor  in 
environments  and  climatic  regimes  similar  both  to  each  other,  and  to 
ancestral  conditions. 

NikoFskii  (1915:11),  in  his  discussion  of  M.  c.  rivulata,  suggested 
that  this  subspecies  represented  nothing  more  than  a color  variety  of 
M.  c.  c aspic  a.  We  were  able  to  separate  most  specimens  by  plastral 
color  pattern  but  our  investigation  also  found  significant  differences  in 
several  characters  (see  above).  Merkle’s  (1975)  failure  to  identify  elec- 
trophoretic differences  may  be  due  to  several  factors.  The  most  simple 
explanation  is  that  there  are  no  differences.  It  is  possible  that  his  deal- 
er-provided specimens  (two  of  one  subspecies,  one  of  the  other)  were 
not  properly  identified,  however,  although  electrophoretic  identity  of 
the  17  protein  systems  examined  would  not  rule  out  differentiation  of 
the  populations  at  unexamined  loci.  With  morphological  differences 
apparent  (specimens  with  intermediate  morphologies  have  been  found 
in  an  area  of  contact  around  Ankara,  Turkey,  Ba§oglu  and  Baran, 
1977)  and  genetic  equality  a distinct  possibility,  we  recommend  reten- 
tion of  subspecies  nomenclature. 

Mauremys  c.  rivulata  inhabits  a region  of  Mediterranean  climate 
with  0 to  175  physiologically  dry  days  per  year  (Fig.  3).  M.  c.  caspica, 
which  inhabits  xerothermomediterranean  and  sub-desertic  regions 
(Emberger  et  al.,  1962;  Fig.  3),  is  subjected  to  a colder  climate  in 
Turkey  than  in  the  warmer  southern  areas  of  the  Middle  East.  Al- 
though temperature  extremes  differ  in  both  populations  of  M.  c.  cas- 
pica, these  regions  range  from  an  average  of  200  to  250  phy  siologically 
dry  days  in  the  spring/summer  season  of  the  north  to  a minimum  of 
160  dry  days  in  the  same  season  of  the  south.  The  significance  of  non- 
swimming behavior,  including  the  inability  to  swim,  seen  in  Mauremys 
in  Iraq  was  thought  to  be  an  adaptive  reaction  to  the  extreme  vari- 
ability in  the  supply  of  surface  water  (Reed,  1957). 

Retention  of  M.  c.  caspica  and  M.  c.  rivulata  is  a conservative 
approach  to  systematic  relationships  in  these  populations;  the  large 
phenetic  differences  between  populations  in  Turkey  (Fig.  2)  reflect  an 
extreme  environmental  shift.  It  is  these  two  populations  which  inhabit 
regions  most  different  in  both  temperature  and  moisture. 

Specimens  Examined 

Localities,  listed  alphabetically,  provide  provinces,  districts,  etc.  within  each  country; 
where  no  data  are  available,  only  the  country  is  listed. 

Mauremys  caspica  caspica.- — Bahrain:  MCZ  52065-52097.  Iran  (Azerbaijan):  CAS 
102483,  141236,  FMNH  141624-141625,  141629,  USNM  154504-154505,  (Fars):  CAS 
102481-102482,  FMNH  21035-21042,  141621,  (Gilan):  FMNH  141619,  141627,  (Ker- 
manshah):  FMNH  130819.  170989,  USNM  153752,  (Khuzestan):  CAS  86629,  86634- 
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86639,  141118,  FMNH  73492,  73495,  MCZ  53811-53816,  USNM  158945,  (Kurdistan): 
USNM  158529-158534,  (Mazandaran):  AMNH  88662(2),  CAS  141266.  Iraq:  FMNH 
19705-19707,  19709,  19712-19713,  19785,  73491, 73493-73494,  74505,  74949,  MCZ  45607, 
53802-53809.  USSR  (Georgian  SSR):  MCZ  5310.  Saudi  Arabia:  CAS  84420,  140476- 
140477,  FMNH  74009,  USNM  127987.  Syria:  MCZ  53810,  (Alep):  MHNP  5834,  5834a. 
Turkey:  MHNP  5896,  5896a,  6460,  (Ankara):  UF/FSM  39131,  (Urfa):  MCZ  5079, 
MHNP  5833,  5833a,  5833b,  5836,  5836a,  (Van):  FMNH  82663-82666,  109901-109903. 

Mauremys  caspica  rivulata. — Cyprus:  USNM  30871.  Greece  (Aegean  Islands):  MCZ 
5108,  37001,  38443-38444,  UMMZ  65472-65474,  (Central  Greece  and  Euboea):  AMNH 
97586,  UMMZ  65475-65478,  70191,  (Crete):  MCZ  61237,  MHNP  2053,  2053a,  YPM 
5747,  (Ionian  Islands):  USNM  37199,  (Peloponnesus):  MHNP  549,  1930,  1930a,  4094, 
4095.  Israel:  UF/FSM  14840-1  through  14840-9,  14841-1  and  14841-2,  (Haifa):  UF/ 
FSM  13902-1  through  13902-3,  YPM  2926-2931,  (Northern):  AMNH  88664,  MCZ 
57126,  UF/FSM  13928.  Jordan  (Irbid):  USNM  167222.  Lebanon  (Ash  Shamal):  FMNH 
153369.  Romania  (Olt):  USNM  19090.  Turkey  (Adana):  LACM  113961-113962,  (Di- 
yarbakir):  MHNP  5837,  5837a,  (Hatay):  MHNP  5835,  5835a,  (Istanbul):  FMNH  72015- 
72024.  Yugoslavia  (Croatia):  MCZ  28641,  (Montenegro):  USNM  37198. 

Mauremys  leprosa. — Algeria:  USNM  10987.  (Alger):  MCZ  1894,  6492,  153143,  (An- 
naba):  MCZ  4605,  (Aures):  USNM  49829,  (Medea):  CAS  138844-138845,  (Oasis):  MCZ 
53798,  (Oran):  FMNH  42832,  USNM  37201,  (Saida):  MCZ  27343,  27345-27346.  Da- 
homey (Sud-Est):  MHNP  1917-21  and  1917-22.  Libya  (Tripolitania):  FMNH  83188. 
Morocco  (Agadir):  UMMZ  132043,  (Beni  Mellal):  CM  55050,  (Kenitra):  CAS  91525, 
USNM  134366-134367,  196489-196490,  (Marrakech):  FMNH  199761-199765,  199800, 
(Nador):  CAS  91524,  (Ouarzazate):  LACM  108998,  USNM  196486,  (Oujda):  MCZ  27347, 
29911,  (Settat):  FMNH  197887-197888,  USNM  196488(7),  (Tanger):  USNM  55614- 
55616,  (Taza):  CAS  91522-91523,  (Tetouan):  USNM  37200,  196487,  196491-196492, 
211407-211413.  Spain:  USNM  7887,  131845,  (Cadiz):  CM  51038,  51326,  53355-53357, 
53367,  53386-53387,  53396,  53421-53422,  54682,  54800,  55331,  55447-55448,  55501(9), 
(Sevilla):  CM  54862-54863,  55343-55347,  55675(6),  CU  9143-9144,  9154,  LACM  1 13888- 
113889,  USNM  195457-195459.  Tunisia  (Gabes):  CM  56504-56506,  56593,  56636,  56645, 
56696-56697,  56707(4),  USNM  195385-195387,  UWZH  20575,  (Gafsa):  CAS-SU  22406- 
22407,  CM  54543,  UCM  36623,  36625-36628,  36630-36642,  (Nabul):  KU  47508-47514. 
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Abstract 

A format  is  established  for  presenting  the  detailed  karyotypes  of  the  vascular  plants 
of  western  Pennsylvania.  The  cytogeography  of  each  species  examined  is  summarized 
in  two  different  literature  reviews.  In  one,  the  past  published  karyological  data  are 
reviewed  and  in  the  other,  the  published  distributional  data.  For  each  species  the  pre- 
treatment, fixative,  and  stain  used  are  listed  as  well  as  such  basic  complement  mea- 
surements and  their  standard  deviations  as  total,  long,  and  short  arm  lengths,  relative 
lengths,  and  centromeric  index  values.  A summary  haploid  idiogram,  a karyotypic  for- 
mula and  a sample  photomicrograph  are  given  for  each  species,  as  well  as  a dot  per 
specimen  distribution  map  for  western  Pennsylvania.  The  summary  discussion  which 
follows  each  species  is  an  attempted  cytogeographical  review  of  the  known  data  for  the 
species. 

The  following  species  are  reported  in  this  the  first  number  of  the  planned  study  series: 
Disporum  lanuginosum  (Michx.)  Nicholson;  Trillium  grandiflorum  (Michx.)  Salisbury; 
Trillium  sessile  Linnaeus;  Uvularia  perfoliata  Linnaeus;  Uvularia  sessilifolia  Linnaeus; 
Caulophyllum  thalictroides  (L.)  Michaux;  Podophyllum  peltatum  L. 

Introduction 

The  basic  reasons  for  counting  and  describing  plant  chromosomes 
have  implications  on  many  levels  of  plant  natural  history.  The  very 
questions  and  concepts  of  the  plant  species  and  the  basis  of  its  heredity 
and  evolution  are  central  to  this  information.  During  the  past  half  een- 
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tury,  researchers  have  elucidated  innumerable  chromosomal  mecha- 
nisms and  patterns  which  have  documented  plant  speciation  and  evo- 
lution (Stebbins,  1950,  1966,  1971;  John  and  Lewis,  1968;  Raven, 
1975).  Many  of  the  families,  genera,  and  species  for  which  no  karyo- 
logical  information  is  available  are  tropical,  but  even  within  the  tem- 
perate zones  many  species  and  genera  are  unknown  or  are  known  from 
one  or  two  counts  made  decades  apart  using  different  techniques.  A 
major  dictum  of  modem  plant  systematics  is  that  chromosomal  variation 
must  be  studied  throughout  the  general  range  of  a species  and  in  areas 
of  potential  (or  real)  sympatry  with  related  taxa  and  in  areas  near 
distributional  limits  where  selective  pressures  may  be  greater. 

Western  Pennsylvania  within  the  eastern  North  American  deciduous 
forest  (Braun,  1950)  and  the  Appalachian  Highlands  (King,  1977)  is 
unique  in  several  respects.  Divided  in  the  north  by  the  terminal  mor- 
raine  of  the  Pleistocene  glaciation  (Wright  and  Frey,  1965;  Flint,  1971), 
both  glaciated  and  unglaciated  habitats  have  been  available  for  plant 
colonization  and  migration.  Besides  being  part  of  the  Appalachian  re- 
fugia  for  descendants  of  the  Arcto-Tertiary  Geoflora,  a northern  Ter- 
tiary mesophytic  forest  (Hulten,  1937;  Li,  1952;  Braun,  1955;  Holt, 
1970;  Wood,  1970;  Graham,  1972;  litis,  1973),  western  Pennsylvania 
has  been  a floristic  cross-roads  for  northern  plants  migrating  south  via 
the  mountains,  southern  plants  migrating  north  following  deglaciation 
and  western  and  mid-western  plants  associated  with  the  Prairie  Pen- 
insula migrating  east  (Transeau,  1935).  Whereas  bogs  occur  in  the 
northern  areas,  shale  barren  elements  are  found  in  the  southcentral 
mountains  (Keener,  1970). 

There  are,  however,  no  endemics  limited  to  western  Pennsylvania 
(Jennings,  1953)  or  Pennsylvania  (Wherry  et  al.,  1979).  The  majority 
of  the  species  are  wide  ranging,  that  is  throughout  much  of  eastern 
North  America.  Due  to  this  wide  occurrence,  the  need  for  counting 
and  documenting  the  karyotype  increases.  Localized  reporting  adds  to 
the  overall  cytogeographic  data  associated  with  a given  species. 
Whereas  many  of  the  species  also  have  relatives  in  the  scattered  re- 
fugia  of  the  northern  hemisphere,  localized  reporting  also  serves  the 
world  botanical  community. 

Several  dove-tailing  research  approaches  provide  cytogeographic 
data.  Modern  monographers  map  and  examine  chromosomal  material 
as  well  as  make  crosses  throughout  the  ranges  of  their  study  groups. 
Although  this  may  represent  only  a few  species  in  comparison  to  the 
thousands  associated  with  a given  flora,  this  approach  yields  fairly 
detailed  and  comparative  karyotypic  information.  General  counting 
and  editing  within  a given  floristic  region,  such  as  that  of  Love  and 
Love  (1961),  is  another  approach,  but  all  too  frequently  this  type  of 
study  is  limited  to  numerical  reports  only.  Emphasis  on  a taxonomic 
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group  on  a regional  basis  is  still  another,  for  example,  the  Liliaceae  of 
California  (Cave,  1970)  and  Japan  (Matsuura  and  Suto,  1935). 

Methodology  and  Terminology 

Chromosomal  observations  are  now  nearly  a century  old  and  date  to  the  “Golden 
Age  of  Microscopy”  and  the  rediscovery  of  Mendel’s  genetic  work.  Since  then,  both 
the  microscopes  and  the  chromosomal  techniques  have  been  greatly  improved.  Through 
the  introduction  of  the  squash  technique,  which  has  completely  replaced  the  paraffin 
sectioning  technique  and  pretreatment  with  colchicine  or  a similar  metaphase  blocking 
agent,  significant  advances  have  been  made  in  the  study  of  chromosomal  botany.  De- 
tailed morphological  observations  and  statistical  summaries  of  the  karyotype  are  now 
routinely  presented  as  well  as  idiograms  and  photomicrographs.  Unevenness,  however, 
in  past  reporting  of  karyological  information,  such  as  listing  only  a number  without  any 
indication  of  size  or  shape,  or  not  specifying  the  pretreatment  used,  or  the  site  of  the 
sampled  species,  has  posed  some  problems  in  properly  analyzing  existing  karyological 
data. 

To  clearly  standardize  the  relevant  chromosomal  information,  the  following  format 
will  be  used  in  presenting  the  karyology  of  the  vascular  plants  of  western  Pennsylvania. 
For  each  species  presented,  a specimen  ( cytovoucher ) with  pertinent  habitat,  popula- 
tion, and  collector  data  has  been  prepared  for  deposition  in  the  herbarium  of  Carnegie 
Museum  of  Natural  History  (CM).  Furthermore,  each  is  clearly  annotated  and  a rep- 
resentative photomicrograph  of  a chromosomal  spread  attached.  Thereby  each  sheet  is 
directly  linked  to  this  study.  Besides  acting  to  resolve  future  taxonomic  questions  about 
the  materials  examined,  the  cytovouchers  establish  the  age  or  stage  of  growth  when  the 
materials  were  examined. 

For  each  species,  two  different  literature  reviews  are  provided.  Table  1,  in  this  report, 
presents  the  previously  published  counts  for  the  species  examined,  and  in  synoptic  form, 
the  methodology  of  these  past  studies  is  summarized,  that  is,  was  the  material  sec- 
tioned or  squashed,  was  a pretreatment  used,  and  was  a photomicrograph  and/or  an 
idiogram  presented?  Also  associated  in  the  text  with  each  species  is  a review  of  the 
previously  published  distribution  maps  for  that  species.  Both  the  previous  counts  and 
the  cumulative  maps  form  the  basic  cytogeographic  data  for  each  species. 

For  each  species  a dot  per  specimen  distribution  map  based  on  Jennings’  (1953)  cir- 
cumscription of  western  Pennsylvania  is  presented.  All  of  the  mapped  herbarium  spec- 
imens are  from  Carnegie  Museum  of  Natural  History  (CM).  Each  mapped  specimen  has 
been  annotated  to  further  link  its  western  Pennsylvanian  map  with  comparable  range- 
wide data  and  this  study.  The  cytovoucher  is  also  mapped,  but  a different  symbol  has 
been  used. 

The  squash  technique  used  for  our  slide  preparation  follows  the  modifications  and 
elaborations  of  the  Tjio  and  Levan  (1950)  procedure  as  established  by  Kawano  (1965; 
see  also  Utech  and  Kawano,  1974,  1976;  Utech  1978,  1980).  The  protocol  while  highly 
flexible  to  accommodate  a wide  range  of  plant  species  differs  significantly  from  the 
standard  squash  methodology  of  Darlington  and  La  Cour  (1962),  Sharma  and  Sharma 
(1965),  Berlyn  and  Miksche  (1976),  and  Beeks  (1955). 

Fixative  choice  for  the  different  plant  species  examined  together  with  the  selection 
of  the  staining  media  are  the  two  most  critical  areas  in  chromosomal  preparation.  Nu- 
merous fixatives  with  varying  modifications  of  reagent  ratios  have  been  reported.  Certain 
fixatives  have  long  been  associated  with  certain  plant  families  and  cytologists.  Many 
fixatives  are  associated  with  the  names  of  famous  cytologists — Farmer,  Carnoy,  Dyer, 
Ostergreen,  Navashin,  and  Belling  among  others.  Frequently,  fixative  choice  has  been 
more  from  a pragmatic  point  of  view  than  from  a critical  comparative  assessment.  Yet, 
certain  plant  families,  particularly  those  with  small  chromosomes,  are  notoriously  dif- 


Table  1. — List  of  plants  studied  in  the  present  investigation. 
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* Code  for  paper  synopsis:  PAR  = paraffin  sectioning  technique;  SQU  = squash  technique;  PRT  = pretreatment  (variable);  ILL 
illustration  and/or  photomicrograph;  IDO  = idiogram  for  complement;  x = presented  in  paper;  - = absent. 
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ficult  to  fix  and  frequently  a series  of  different  fixatives  must  be  tried  before  satisfactory 
results  are  obtained.  Recent  karyological  literature  (Darlington  and  Wylie,  1955;  Fedo- 
rov, 1969;  Moore,  1973)  is  extremely  useful  in  selecting  a fixative  which  has  worked  in 
a particular  family  or  genus.  Whichever  fixative  is  chosen,  and  several  can  be  used  in 
our  protocol,  this  information  must  be  indicated  as  well  as  the  stain  selected  for  each 
species.  Several  chromosomal  stains  are  commonly  used— acetic-orcein  (AO),  acetic- 
carmine  (AC)  and  the  Feulgen  staining  reaction  (FR).  Stain  abbreviations  have  been 
noted  in  the  text  for  each  species. 

For  each  species,  the  pretreatment  used,  its  concentration,  duration,  and  temperature 
are  also  indicated.  Whereas  several  metaphase  blocking  agents,  such  as  colchicine, 
colchimide,  paradichlorobenzene  (PDB),  alpha-naphalene,  8-hydroxy  quinoline,  oxy- 
quinoline,  cold  temperature  storage,  and  others  are  available,  each  must  be  specified, 
as  well  as  the  conditions  of  use,  if  comparable  or  verifiable  results  are  to  be  achieved. 

Following  pretreatment  and  fixation,  if  acetic-orcein  stain  is  used,  a bulk  staining 
procedure  which  follows  Snow  (1963)  has  been  highly  useful.  One  to  two  dozen  root 
tips  are  placed  in  a capped  vial  of  stain  for  12  to  16  h.  A sample  of  root  tips  which  are 
to  be  prepared  is  then  given  a brief  hydrolysis — 1 min  at  60°C  in  a 1:1  mixture  of  45% 
acetic-orcein  and  1 N HC1.  Following  hydrolysis,  the  excised  meristem  is  macerated 
and  squashed  in  a 9:1  mixture  of  glycerine  and  45%  acetic  acid.  The  procedure  for  the 
Feulgen  staining  reaction,  if  used,  follows  that  of  Darlington  and  La  Cour  (1962). 

For  each  species,  the  somatic  complement  is  accessed  statistically,  that  is  each  pop- 
ulation of  prepared  complements  is  sampled  and  quantified  per  site  and  not  merely 
assigned  a diploid  number.  Three  basic  chromosomal  measurements — the  total  length 
( fx ) and  the  long  and  short  arm  lengths  (/ x ) — are  made  with  a calibrated  micrometer 
under  maximum  power  of  observation.  Both  the  total  number  of  cells  counted  and  the 
number  measured  are  indicated.  Standard  deviations  (S.D.)  are  also  presented  in  the 
same  tables  as  the  basic  lengths  (Bentzer  et  al.,  1971).  The  differences  between  the  long 
(1)  and  short  (s)  arm  lengths  defines  the  location  of  the  primary  constriction  or  centro- 
mere. Secondary  constrictions  or  nuclear  organizing  regions  (NOR),  whether  they  are 
on  the  long  or  the  short  arms,  are  also  indicated. 

From  these  length  measurements  further  statistical  karyotypic  inferences  can  be 
made.  An  average  total  diploid  genome  length  with  a standard  deviation  is  one  measure 
of  complement  condensation  or  homogeneity.  The  ratio  of  the  longest  (L)  to  the  shortest 
(S)  chromosome  is  another  and  directly  provides  a check  on  differential  intercomplement 
condensation.  Both  the  total  genome  length  and  the  L/S  ratio  are  given  for  each  species 
as  well  as  their  standard  deviations.  Also  tabulated  with  the  lengths  for  each  chromo- 
some are  their  relative  lengths  (R.L.)  and  their  centromeric  index  ratios.  The  relative 
chromosomal  length  in  which  the  longest  chromosome  is  assigned  a value  of  1.000  or 
100%  is  equally  as  important  as  the  absolute  length  in  complement  comparison  and 
analysis.  The  centromeric  index  is  important  for  establishing  a morphological  classifi- 
cation of  the  chromosomes  in  the  complement. 

Three  classes  of  chromosomes  are  recognized  on  the  basis  of  their  centromeric  ratios. 
A median  or  metacentric  type  (M)  has  an  index  (s/1)  value  of  1 .000  to  0.850,  a subterminal 
or  subtelocentric  type  (ST),  0.850  to  0.450,  and  a subterminal  or  subtelocentric  type 
(ST),  0.450  to  0.000.  The  terminal  or  telocentric  type  (I)  is  extremely  rare  in  plants  and 
is  not  recognized  in  the  index  value  groups,  but  if  one  were  observed,  it  would  have  a 
value  of  0.000.  A noncentromeric  fragment  is  denoted  by  the  lower  case  letter  /.  On  the 
basis  of  the  short/long  arm  ratio,  each  chromosome  can  be  assigned  a letter  and  a value 
which  denotes  its  centromeric  class. 

To  further  summarize  the  observed  karyological  data  for  each  species,  a photomicro- 
graph of  a representative  diploid  cell,  a haploid  idiogram  and  a karyotype  formula  are 
presented.  Both  relative  size  and  centromeric  type  are  indicated  in  the  formula.  For 
example,  V and  v denote  large  and  small  metacentric  chromosomes  respectively;  J and 
j,  large  and  small  submetacentric  chromosomes,  and  I and  i,  large  and  small  subtelo- 
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Disporum  lanuginosum  ( Michx.)  Nichols. 


Fig.  1. — Distribution  of  Disporum  lanuginosum  (Michx.)  Nicholson  in  western  Penn- 
sylvania based  on  specimens  in  the  Herbarium  of  Carnegie  Museum  of  Natural  History 
(CM).  Locality  indicated  by  circled  star. 


centric.  These  letters  used  in  the  karyotype  formula  are  based  on  a correspondency 
between  the  shape  of  the  various  letters  and  the  chromosomal  appearance  at  mitotic 
anaphase  and  should  not  be  confused  with  the  centromeric  class  letters  which  are  M, 
SM,  ST,  and  T. 


Disporum  lanuginosum  (Michx.)  Nicholson 
Figs.  1-3;  Tables  1,  2 

Pennsylvania. — Somerset  County,  Addison  township,  Klondike  Ridge;  wooded 
bluffs  S of  Confluence  (city)  near  the  junction  of  the  Casselman  River  and  the  Yough- 
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Fig.  2. — Photomicrograph  of  sample  complement  of  Disporum  lanuginosum  (Michx.) 
Nichols,  from  Somerset  County,  Pennsylvania.  Scale  indicated. 


iogheny  River;  Lat.  39°47'N,  Long.  79°22'W,  Elev.  500  m;  15  May  1979,  Utech  79-141 
CM. 

Distribution. — General  range — Ozarkian  and  Appalachian  Mountains  from  northern 
Alabama  to  central  New  York,  and  in  northern  Ohio  and  southwestern  Ontario;  maps— 
Braun  (1967),  Harvill  et  al.  (1977),  Johnson  (1969),  Jones  (1951),  McGilliard  (1955), 
Radford  et  al.  (1965,  1968),  Smith  (1978),  Wherry  et  al.  (1979). 

Pretreatment. — 0.001%  colchicine  for  5 h at  19  to  21°C;  1:3  acetic-ethanol;  AO. 

Five  scattered  individuals  of  Disporum  lanuginosum  (Michx.)  Nich- 
olson were  sampled  from  the  population.  The  interphase  nuclei  stained 
differentially  indicating  heteropycnotic  bodies  or  chromocenters  with- 
in the  complement.  A low  concentration  of  colchicine  was  found  to  be 
effective  in  accumulating  metaphase  figures.  For  each  of  the  five  in- 
dividuals, 20  metaphase  figures  were  counted.  All  100  counts  were 
In  = 18.  No  complement  irregularities  were  observed. 

Twenty  complements  were  selected  for  analysis.  Selection  was  de- 
termined by  the  degree  of  chromosomal  condensation  and  complement 
homogeneity.  The  average  ratio  of  the  longest  to  shortest  (L/S)  chro- 
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Disporum  lanuginosum  (Michx.l  Nichols. 


Fig.  3.- — Haploid  idiogram  of  D.  lanuginosum  (Michx.)  Nichols.  (Somerset  County, 
Pennsylvania;  Utech  79-141). 


mosome  within  the  complement  was  2.13  (S.D.  = 0.15).  The  total  ge- 
nome length  averaged  53.38  fx  with  a standard  deviation  of  3.68.  The 
chromosomes  of  the  complement  all  fall  in  the  small  size  class,  that  is 
between  2.0  and  5.0  fx.  Submetacentric  chromosomes  dominate  the 


Table  2. — Measurements  for  a composite  haploid  karyotype  of  Disporum  lanuginosum 
(Michx.)  Nichols,  based  on  20  colchicine  pretreated,  somatic  complements  (N  = 40) 

(see  Figs.  2-3). 


Pair  Length  of  chromosomes  (/a) 


num- 

ber 

Long  arm 

+ 

Short  arm 

Total 

Relative 

length 

Centromere 

index 

Type 

1. 

3.35 

+ 

1.01 

4.36 

1.000 

0.301 

ST 

(0.31) 

(0.20) 

(0.26) 

— 

(0.04) 

2. 

2.30 

+ 

1.30 

3.60 

0.826 

0.565 

SM 

(0.41) 

(0.23) 

(0.33) 

(0.08) 

(0.04) 

3. 

2.56 

+ 

0.85 

3.41 

0.782 

0.332 

ST 

(0.36) 

(0.15) 

(0.19) 

(0.06) 

(0.03) 

4. 

2.34 

+ 

0.72 

3.06 

0.702 

0.308 

ST 

(0.27) 

(0.17) 

(0.17) 

(0.04) 

(0.02) 

5. 

1.90 

+ 

1.04 

2.94 

0.674 

0.547 

SM 

(0.18) 

(0.09) 

(0.15) 

(0.03) 

(0.03) 

6. 

1.45 

+ 

1.10 

2.55 

0.585 

0.759 

SM/M 

(0.26) 

(0.18) 

(0.21) 

(0.04) 

(0.02) 

7. 

1.43 

+ 

0.97 

2.40 

0.550 

0.678 

SM 

(0.19) 

(0.13) 

(0.18) 

(0.03) 

(0.03) 

8. 

1.55 

+ 

0.77 

2.32 

0.532 

0.497 

SM 

(0.24) 

(0.14) 

(0.15) 

(0.02) 

(0.02) 

9. 

1.34 

+ 

0.71 

2.05 

0.470 

0.530 

SM 

(0.21) 

(0.20) 

(0.20) 

(0.03) 

(0.02) 
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karyotype.  Whereas  only  pairs  1,3,  and  4 are  subtelocentric,  the  re- 
mainder are  submetacentric.  Because  three  of  the  nine  parts  have  short 
to  long  arm  (s/1)  ratios  which  are  less  than  0.450,  the  symmetry/asym- 
metry gradient  value  is  moderately  low — 0.333.  The  karyotypic  for- 
mula for  D.  lanuginosum  may  roughly  be  expressed  as  follows:  K 
(2n)  = 18  = 2 J + 2 V + 4 j + 10  v. 

No  consistently  defined  secondary  constriction  (NOR)  was  ob- 
served. However,  occasionally  very  small,  terminal  satellites  con- 
nected by  thin  strands  were  observed  on  the  long  arms  of  pair  3.  Yet 
these  small  satellites  would  be  present  in  one  cell  and  not  the  next 
within  the  same  root  tip  preparation.  Due  to  the  heteropycnotic  nature 
of  the  complement,  these  satellites  could  be  nothing  more  than  uncon- 
densed telomeres  responding  to  the  low  concentrations  of  colchicine 
used. 

Jones  (1951)  used  Belling’s  modified  Navashin’s  fluid  (Johansen, 
1940)  and  crystal  violet  as  a stain  in  his  investigation  of  the  two  pop- 
ulations of  D.  lanuginosum — West  Virginia:  Monogalia  Co.,  Greer; 
Tennessee:  Anderson  Co.,  Norris  Dam.  Both  populations  were  In  = 
18  and  small,  terminal  satellites  were  also  noted.  From  the  inked  il- 
lustrations the  satellites  appeared  to  be  associated  with  the  longer 
chromosomes.  Three  counts  which  are  in  agreement  are  now  known 
for  this  species  from  throughout  its  range. 

The  closest  relative  of  D.  lanuginosum  is  the  western  North  Amer- 
ican D.  hookeri  (Torrey)  Nicholson  (Jones,  1951;  Wood,  1970).  Be- 
sides exhibiting  a similar  morphology,  both  species  share  a common 
2/z  = 18  complement  in  a genus  where  other  numbers,  such  as  In  = 
14,  In  = 18,  and  In  = 22,  are  common  (Utech  and  Kawano,  1974).  Di- 
sporum  lanuginosum  and  D.  hookeri  are  the  only  species  in  the  genus 
with  In  — 18.  This  North  American  species  pair  with  a representative 
on  both  the  east  and  west  coasts  is  in  all  likelihood  descendant  from 
a common,  more  northerly,  trans- American  ancestor.  Recently,  an 
outlier  of  the  west  coast  D.  hookeri  was  found  in  the  Porcupine  Moun- 
tains of  upper  Michigan  (Voss,  1972). 

The  karyotypic  observation  on  D.  lanuginosum  presented  here  adds 
further  to  the  generalized  karyotypic  differences  between  the  Ameri- 
can species  of  the  Disporum  (section  Eudisporum ) and  the  Asian  mem- 
bers of  the  genus  (section  Prosartes ).  The  American  species  of  Di- 
sporum have  characteristic  short  chromosomes  (2. 0-5.0  /l),  interphase 
nuclei  of  the  euchromocentric  type,  and  one  or  two  chiasmata  which 
terminalize,  whereas  the  Asian  species  have  long  chromosomes  (5.0- 
20.0  ya),  interphase  nuclei  of  the  reticulate  type,  and  a fairly  high  num- 
ber of  chiasmata  which  do  not  terminalize  (Therman,  1956;  Kayano, 
1960a,  1960/?,  1961;  Utech  and  Kawano,  1974,  1977). 
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Trillium  grandiflorum  ( Michx.)  Salisb  . 

Fig.  4. — Distribution  of  Trillium  grandiflorum  (Michx.)  Salisbury  in  western  Pennsyl- 
vania based  on  specimens  in  the  Herbarium  of  Carnegie  Museum  of  Natural  History 
(CM).  Locality  indicated  by  circled  star. 


Trillium  grandiflorum  (Michx.)  Salisbury 

Figs.  4-6;  Table  1,  3 

Pennsylvania. — Washington  County,  Union  township,  bluffs  along  the  Mononga- 
hela  River,  ca.  1.7  km  NW  of  New  Eagle  on  PA  837;  mesic  woodlot;  Lat.  40°14'N, 
Long.  79°58'W,  Elev.  320  m;  16  April  1979,  Utech  79-075  CM.  Westmoreland  Coun- 
ty, Ligonier  township,  intersection  of  Darlington-Rector  Road  and  Four  Mile  Run  Road; 
mesic  woodlot;  Lat.  40°13'N,  Long.  79°17'W,  Elev.  300  m;  14  April  1979,  Utech  79-089 
CM. 
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Fig.  5. — Photomicrograph  of  sample  complement  of  Trillium  grandiflorum  (Michx.) 
Salisb.  from  Washington  County,  Pennsylvania.  Scale  indicated. 


Distribution. — General  range — eastern  deciduous  forest  of  North  America;  maps — 
Deam  (1940,  1970),  Gates  (1917),  Harvill  et  al.  (1977),  Jennings  (1953),  Jones  and  Fuller 
(1955),  Lakela  (1965),  McGilliard  (1955),  McIntosh  (1950),  Radford  et  al.  (1965,  1968), 
Reed  (1962),  Soper  (1961),  Swink  (1969),  Voss  (1972),  Wherry  et  al.  (1979),  Winterringer 
and  Evers  (1960). 

Pretreatment.—  0.05%  colchicine  for  4 h at  19  to  21°C;  1:3  acetic-ethanol;  AO. 

Two  populations  of  Trillium  grandiflorum  (Michaux)  Salisbury  were 
sampled.  Ten  individual  plants  were  selected  from  the  Washington 
County  population  and  five  from  the  Westmoreland  County  site  (Fig. 
4).  One  hundred  metaphase  figures  were  counted  from  the  former  and 
50  from  the  latter.  All  150  counts  which  were  distributed  among  the 
15  plants  were  2 n = 10.  The  interphase  nuclei  stained  differentially 
which  indicates  the  presence  of  chromocenters  or  heteropycnotic  bod- 
ies. No  fragments  or  supernumerary  chromosomes  were  observed  in 
either  population. 

Numerous  figures  were  available  for  analysis.  The  20  cells  selected 
for  karyotypic  analysis  were  from  the  Washington  County  population. 


1980 


Utech — Vascular  Plant  Chromosome  Atlas  I 


277 


I Trillium 

grandiflorum  ( Michx.  I Salisb. 

III. 

iii>i 

1 2 3 4 5 

Fig.  6. — Haploid  idiogram  of  Trillium  grandiflorum  (Michx.)  Salisb.  (Washington  Coun- 
ty, Pennsylvania;  Utech  79-075). 


Complement  selection  was  governed  by  the  degree  of  chromosomal 
condensation  and  complement  homogeneity.  The  average  ratio  of  the 
longest  to  shortest  (L/S)  chromosome  which  indicates  the  degree  of 
condensation  was  1.76  (S.D.  = 0.23).  Homogeneity,  on  the  other 
hand,  which  is  indicated  by  the  average  total  genome  length,  was 
202.12  /. i (S.D.  = 5.28).  The  greatest  size  variation  occurred  in  the 
longest  pair  (Table  3).  The  chromosomes  of  this  species  are  large  and 
range  between  15  and  30  /x . 

The  complement  is  characterized  by  a long  metacentric  pair  (pair  1), 
three  submetacentric  pairs  (pairs  2-4),  and  a short  subtelocentric  pair 
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Table  3. — Measurements  for  a composite  haploid  karyotype  of  Trillium  grandiflorum 
(Michx.)  Salisb.  based  on  20  colchicine  pretreated,  somatic  complements  (N  = 40)  (see 

Figs.  5-6). 


Pair 

num- 

ber 

Length  of  chromosomes  (/x) 

Relative 

length 

Centromere 

index 

Type 

Long  arm 

+ 

Short  arm 

Total 

1. 

14.58 

+ 

13.52 

28.10 

1.000 

0.931 

M 

(1.57) 

(0.80) 

(2.31) 

— 

(0.06) 

2. 

13.04 

+ 

7.35 

20.40 

0.728 

0.568 

SM 

(1.05) 

(0.85) 

(0.57) 

(0.04) 

(0.10) 

3. 

12.23 

+ 

7.01 

19.24 

0.686 

0.588 

SM 

(1.62) 

(1.65) 

(0.96) 

(0.02) 

(0.19) 

4. 

10.06 

+ 

7.29 

17.36 

0.620 

0.725 

SM 

(0.29) 

(0.19) 

(0.47) 

(0.04) 

(0.01) 

5. 

13.27  + 1.67 

+ 

1.02 

15.96 

0.569 

0.068 

ST 

(1.00)  (0.29) 

(0.28) 

(0.97) 

(0.02) 

(0.02) 

(pair  5)  which  has  a secondary  constriction  (NOR)  on  its  long  arm 
(Figs.  5-6).  Among  the  three  submetacentric  pairs,  pair  4,  the  shortest, 
is  also  the  most  metacentric.  All  pairs  are  readily  distinguishable  from 
each  other.  Only  one  of  the  five  pairs  has  a short  to  long  arm  (s/1)  ratio 
less  than  0.450.  On  the  symmetry/asymmetry  gradient,  this  species 
with  a value  of  0.200  would  be  considered  symmetrical  in  spite  of  its 
highly  subtelocentric  pair  number  5.  The  karyotypic  formula  for  this 
species  is  as  follows:  K (In)  = 10  = 2 V + 6 J (2  Jx  + 2 J2  + 2 J3)  + 
2 I. 

Our  2n  = 10  karyotype  of  T.  grandiflorum  (Figs.  5-6)  is  in  good 
agreement  with  those  previously  published  (Table  1;  Baily,  1952, 
1954 a,  1954/?;  Darlington  and  La  Cour,  1940;  Darlington  and  Shaw, 
1959;  Dyer,  1964;  Giles  and  Wilson,  1956;  Serota  and  Smith,  1967). 
The  basic  karyotype  is  so  well  established  that  no  less  than  four  dif- 
ferent systems  of  chromosomal  notation  exist.  Correspondency  tables 
between  the  European,  eastern  American,  western  American,  and  Jap- 
anese systems  have  been  presented  (Darlington  and  Shaw;  1959:89; 
Dyer,  1964:157).  Our  system  of  numerical  ranking  based  on  total  ge- 
nome length  is  equivalent  to  the  European  system  (A-B-C-D-E). 

Besides  being  well  known  for  its  large  chromosomes  and  a low  so- 
matic number,  the  species  of  Trillium  exhibit  the  chromosomal  phe- 
nomena of  differential  contraction  of  certain  regions,  the  H-segments, 
during  mitosis  at  low  temperatures  (1°C).  Colchicine  is  used  in  con- 
junction with  this  cold  pretreatment  to  induce  the  linear  “banding.” 
Not  all  species  of  plants,  however,  show  this  response  (Darlington  and 
La  Cour,  1938,  1940). 
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Darlington  and  Shaw  (1959)  reported  no  less  than  18  different  chro- 
mosomal variants  in  T.  grandiflorum — pair  1 (or  A) — 1;  pair  2 (or  B) — 
3;  pair  3 (or  C) — 6;  pair  4 (or  D) — 3;  pair  5 (or  E) — 5.  Based  on  a 
sample  of  65  plants  from  eastern  North  America,  the  number  of  com- 
plement combinations  or  cytotypes  (clones  sensu  Darlington)  ob- 
served was  31.  Besides  demonstrating  a remarkable  somatic  variation 
within  a species  (Darlington  and  Shaw,  1959),  a more  significant  cor- 
respondency was  established  between  the  metaphase  H-segments  (H  = 
heterochromatin  or  late  replicating  DNA)  and  the  number  of  chro- 
mocenters in  the  interphase  nucleus  (Darlington  and  La  Cour,  1940; 
La  Cour,  1951;  Heyes  and  Shaw,  1958;  Darlington  and  Shaw,  1959; 
Dyer,  1964). 

Trillium  sessile  Linnaeus 
Figs.  7-9;  Tables  1,  4 

Pennsylvania. — Washington  County,  Peters  township,  Chartiers  Creek  watershed, 
alluvial  soil  along  flood  plain  and  upland  slope;  0.2  km  N on  Hahn  Road  from  McMurray 
Road;  Lat.  40°17'N,  Long.  80°07'W,  Elev.  310  m;  20  May  1979,  Utech  79-115  CM. 

Distribution. — General  range — rich  woodlots,  chiefly  on  calcareous  substrates,  from 
Virginia,  West  Virginia,  western  New  York,  and  Pennsylvania  westwards  through  Ohio, 
Kentucky,  and  Indiana  to  Missouri  and  Arkansas,  rare  in  Illinois;  maps — Braun  (1967), 
Case  and  Burrows  (1961),  Freeman  (1969,  1975),  F.  Gates  (1940),  R.  Gates  (1917), 
Harvill  et  al.  (1977),  Jennings  (1953),  Jones  and  Fuller  (1955),  Reed  (1962),  Shaver  (1959), 
Smith  (1978),  Swink  (1969),  Voss  (1972),  Wherry  et  al.  (1979),  Winterringer  and  Evers 
(1960). 

Pretreatment. — 0.05%  colchicine  for  4 h at  19  to  21°C;  1:3  acetic-ethanol;  AO. 

Five  individuals  of  Trillium  sessile  L.  were  sampled.  As  in  T.  gran- 
diflorum, the  interphase  nuclei  contained  chromocenters.  From  the 
five  individuals  of  T.  sessile,  100  cells  with  metaphase  figures  were 
counted.  All  100  complements  were  2 n = 10.  No  chromosomal  ab- 
normalities, including  fragments  or  supernumerary  chromosomes, 
were  observed. 

Among  the  20  complements  selected  for  analysis,  the  average  ratio 
of  the  longest  to  shortest  (L/S)  chromosome  was  1.69  (S.D.  = 0.25) 
and  the  average  total  genome  length  was  267.22  n with  a standard 
deviation  of  7.19.  The  chromosomes  of  this  species  are  very  large  (20- 
35  fji) . In  fact,  both  pairs  1 and  2 of  T.  sessile  are  longer  than  pair  1 
of  T.  grandiflorum  (Tables  3-4,  Figs.  6,  9). 

The  five  pairs  of  chromosomes  in  T.  sessile  are  easily  distinguishable 
and  in  complete  agreement  with  previously  established  idiograms  (Bai- 
ley, 1951,  1952).  Pair  1 is  clearly  metacentric,  pairs  2-4  are  submeta- 
centric,  whereas  pair  5 is  submetacentric.  As  in  T.  grandiflorum, 
among  the  three  submetacentric  pairs,  pair  4 is  the  most  metacentric. 
A secondary  constriction  (NOR)  was  not  observed  on  the  submeta- 
centric pair  5,  nor  was  one  reported  within  the  complement  by  Bailey 
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Trillium  sessile  L . 

Fig.  7. — Distribution  of  Trillium  sessile  Linnaeus  in  western  Pennsylvania  based  on 
specimens  in  the  Herbarium  of  Carnegie  Museum  of  Natural  History  (CM).  Locality 
indicated  by  circled  star. 


(1951,  1952).  This  contrasts  markedly  with  the  NOR  pair  5 of  T.  gran- 
diflorum  (Fig.  9;  Table  4).  Only  one  of  the  five  pairs  in  T.  sessile  had 
a short  to  long  arm  (s/1)  ratio  which  was  less  than  0.450.  The  symmetry/ 
asymmetry  value,  therefore,  is  0.200.  The  karyotypic  formula  for  this 
species  is  similar  to  T.  grandiflorum  and  follows:  K (2 n)  = 10  = 2 V T 
6 J (2  Jj  + 2 J2  + 3 J3)  + 2 1. 

The  genus  Trillium  in  North  America  can  be  divided  into  three  quasi- 
groups— the  sessile -flowered  subgroup  with  about  22  species,  the 
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Fig.  8. — Photomicrograph  of  sample  complement  of  Trillium  sessile  L.  from  Washington 
County,  Pennsylvania.  Scale  indicated. 


grandiflorum- subgroup  with  about  12  species,  and  the  erectum- 
subgroup  with  about  six  polymorphic  species.  All  of  the  members  of 
the  sessile- subgroup  are  confined  to  eastern  and  western  North  Amer- 
ica and  no  taxon  occurs  in  both  areas.  Likewise,  the  grcindiflorum- 


Table  4. — Measurements  for  a composite  haploid  karyotype  of  Trillium  sessile  L.  based 
on  20  colchicine  pretreated,  somatic  complements  (N  = 40)  (see  Figs.  8-9). 


Pair 

num- 

ber 

Length  of  chromosomes  (/ x ) 

Relative 

length 

Centromere 

index 

Type 

Long  arm 

+ 

Short  arm 

Total 

1. 

18.31 

+ 

16.08 

34.39 

1.000 

0.879 

M 

(0.39) 

(1.01) 

(1.05) 

— 

(0.06) 

2. 

17.00 

+ 

12.29 

29.29 

0.851 

0.729 

SM 

(1.73) 

(0.75) 

(1.82) 

(0.03) 

(0.09) 

3. 

16.52 

+ 

10.24 

26.76 

0.778 

0.674 

SM 

(0.42) 

(0.50) 

(0.90) 

(0.03) 

(0.09) 

4. 

14.10 

+ 

8.75 

22.85 

0.664 

0.723 

SM 

(2.22) 

(0.87) 

(1.50) 

(0.03) 

(0.09) 

5. 

18.89 

+ 

1.43 

20.32 

0.590 

0.075 

ST 

(0.99) 

(0.43) 

(1.23) 

(0.02) 

(0.02) 
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Trillium  sessile  L. 


Fig.  9. — Haploid  idiogram  of  Trillium  sessile  L.  (Washington  County,  Pennsylvania; 
Utech  79-115). 


subgroup  is  disjunct  between  the  eastern  and  western  part  of  North 
America  with  no  species  occurring  in  both  areas.  Whereas  the  erec- 
tam-subgroup  is  restricted  to  eastern  North  America,  it  has  three, 
closely  related  relatives  in  Japan  and  eastern  Aisa — Trillium  kamtscha- 
ticum,  T.  ape  talon,  and  T.  tschonoskii. 
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Uvularia  perfoliata  L. 

Fig.  10— Distribution  of  Uvularia  perfoliata  Linnaeus  in  western  Pennsylvania  based  on 
specimens  in  the  Herbarium  of  Carnegie  Museum  of  Natural  History  (CM).  Locality 
indicated  by  circled  star. 


All  of  the  North  American  species  of  Trillium  are  diploid,  that  is 
2 n = 10  (Darlington  and  Wylie,  1955;  Fedorov,  1969;  Moore,  1973), 
except  for  the  occasional  triploid.  The  greatest  variation  in  chromo- 
somal morphology  occurs  in  the  erectum -subgroup . However,  this 
variation  has  been  limited  to  the  diploid  level.  The  variation  in  the 
Asian  counterpart  alliance  to  the  erectum -subgroup,  on  the  other 
hand,  has  occurred  via  another  mechanism  of  chromosomal  specia- 
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Fig.  11. — Photomicrograph  of  sample  complement  of  Uvularia  perfoliata  L.  from  Butler 
County,  Pennsylvania.  Scale  indicated. 


tion — polyploidy.  A small  polyploid  alliance  of  three  basic  species  is 
known  in  Japan — T.  kamtschaticum  ( 2x  = 10),  T.  apetalon  ( 4x  = 20) 
and  T.  tschonoskii  (2x  = 20).  Hybrids  with  counts  of  2n  = 15,  20,  and 
30  within  this  polyploid  group  are  known.  It  is  interesting  that  the 
isolation  between  these  different  morphogeographical  groupings  has 
led  to  different  patterns  of  chromosomal  evolution  and  speciation. 

Uvularia  perfoliata  Linnaeus 
Figs.  10-12;  Tables  1,  5 

Pennsylvania. — Butler  County,  Slippery  Rock  township,  near  Doughertys  Mills, 
ca.  2.8  km  SE  of  Slippery  Rock  (Boro)  on  PA  173;  mesic  woodlot  along  Slippery  Rock 
Creek;  Lat.  41°02'N,  Long.  80°02'W,  Elev.  395  m;  2 May  1979,  Utech  79-091  CM. 

Distribution. — General — broadly  Appalachian  ranging  from  southern  New  Hampshire 
and  southern  Ontario  southward  into  northern  Florida  and  westward  into  central  Ohio 
and  Louisiana;  maps — Anderson  and  Whitaker  (1934),  Braun  (1967),  Dietz  (1952),  Har- 
vill  et  al.  (1977),  Johnson  (1969),  McGilliard  (1955),  Radford  et  al.  (1965,  1968),  Soper 
(1952),  Wherry  et  al.  (1979),  Wilbur  (1963) 

Pretreatment. — 0.05%  colchicine  for  5 h at  19-21°C;  1:3  acetic-ethanol;  AO. 
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Fig.  12. — Haploid  idiogram  of  Uvulciria  perfoiiata  L.  (Butler  County,  Pennsylvania; 
Utech  79-091). 


Six  scattered  individuals  from  the  population  of  Uvularia  perfoiiata 
Linnaeus  were  sampled.  One  hundred  root  tip  counts  of  2 n = 14  were 
made  among  the  six  individuals.  The  interphase  nuclei  stained  uni- 
formly with  no  chromocenters  or  indications  of  fragments  or  aneuso- 
maty. 

Twenty  complements  were  selected  for  karyotypic  analysis.  Two 
sample  complements  are  presented  in  Fig.  11.  Intercomplement  con- 
densation was  very  similar  in  the  figures  selected,  since  the  average 
genome  length  was  102.98  pu  with  a low  standard  deviation  of  0.89. 
Intracomplement  homogeneity,  as  indicated  by  the  L/S  ratio  of  4.39 
(S.D.  = 0.11)  was  also  very  similar.  Whereas  four  of  the  seven  pairs 
have  centromeric  ratios  which  are  less  than  0.450,  the  asymmetry/ 
symmetry  gradient  value  of  0.571  indicates  a moderate  degree  of  asym- 
metry within  the  karyotype  (Fig.  12). 

All  of  the  complement  pairs  are  readily  distinguishable  on  the  basis 
of  length  and  centromeric  position  (Table  5;  Figs.  11-12).  Pairs  1-3 
are  significantly  longer  (ca.  14.0-9.0  pu),  than  pairs  4-7  (ca.  6. 0-3.0  pi). 
Pair  1 which  is  the  longest  and  submetacentric  (0.668)  is  also  the  most 
metacentric  with  the  complement.  The  two  other  longer  pairs,  Nos.  2 
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Table  5. — Measurements  for  a composite  haploid  karyotype  of  Uvularia  perfoliata  L. 
based  on  20  colchicine  pretreated,  somatic  complements  (N  = 40)  (see  Figs.  10-12). 


Pair 

Length  of  chromosomes  (p) 

Relative 

length 

Centromere 

index 

ber 

Long  arm 

+ 

Short  arm 

Total 

Type 

1. 

8.15 

+ 

5.45 

13.60 

1.000 

0.668 

SM 

(0.86) 

(0.76) 

(1.04) 

-- 

(0.03) 

2. 

8.43 

+ 

2.9 

11.33 

0.832 

0.345 

ST 

(0.58) 

(0.60) 

(0.92) 

(0.06) 

(0.02) 

3. 

7.42 

+ 

2.15 

9.58 

0.704 

0.291 

ST 

(0.61) 

(0.47) 

(0.84) 

(0.02) 

(0.02) 

4. 

3.67 

+ 

2.13 

5.80 

0.426 

0.579 

SM 

(0.41) 

(0.32) 

(0.45) 

(0.03) 

(0.05) 

5. 

3.23 

+ 

1.08 

4.31 

0.317 

0.332 

ST 

(0.37) 

(0.31) 

(0.32) 

(0.02) 

(0.03) 

6. 

2.74 

+ 

1.03 

3.77 

0.277 

0.375 

ST 

(0.46) 

(0.21) 

(0.31) 

(0.02) 

(0.04) 

7. 

2.10 

+ 

1.00 

3.10 

0.228 

0.478 

SM 

(0.27) 

(0.09) 

(0.24) 

(0.01) 

(0.04) 

and  3,  are  both  subtelocentric  with  index  values  of  0.345  and  0.291, 
respectively.  Among  the  four  remaining  shorter  pairs,  pairs  4 and  7 
are  submetacentric  whereas  pairs  5 and  6 are  subtelocentric  (Table  1 ; 
Fig.  12).  No  secondary  constrictions  were  observed  in  our  material. 
The  karyotypic  formula  for  this  species  may  be  expressed  as  follows: 
K (2  n)  = 14  = 2V  + 4J(2J1  + 2J2)  + 2m  + 4j  (2  j,  + 2 j2)  + 2 m. 

A somatic  number  of  14  as  well  as  a gametic  number  of  seven  ap- 
pears to  be  prevalent  within  this  species  (Table  1).  Somatic  karyotype 
data,  including  haploid  idiograms,  have  been  reported.  Barber  (1941) 
presented  measurements  and  a haploid  idiogram  based  on  unpretreated 
anaphase  chromosomes  from  mitotic  pollen  grain  divisions.  Using 
oxyquinoline  pretreated  root  tips,  Kawano  and  litis  (1964)  presented 
another  karyotype  and  idiogram  from  a population  sample  near  Sipsey 
Springs,  Winston  County,  Alabama. 

General  similarities  are  evident  between  these  two  karyotypes  and 
the  one  presented  here.  Whereas  the  total  genome  length  established 
by  Barber  (1941)  was  127.4  /x  which  is  longer  than  that  determined  by 
Kawano  and  litis  (1964;  93.0  pi)  and  me  (102.98  /x),  it  is  not  totally 
unexpected,  because  Barber  did  not  use  a pretreatment  and  was  ob- 
serving anaphase  chromosomes.  The  L/S  ratios  of  the  three  samples 
are  similar  enough — 5.06  (Barber,  1941),  5.26  (Kawano  and  litis,  1964), 
and  4.36  (Table  1) — if  one  considers  the  overall  lengths  of  the  genomes 
and  the  relatively  low  number  of  chromosomes  which  are  involved. 
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The  three  samples  are  also  similar  in  that  four  of  their  seven  pairs  have 
centromeric  indices  which  are  less  than  0.450.  Furthermore,  the  large 
and  small  chromosomal  size  classes  for  pairs  1-3  and  for  pairs  4-7  are 
similar  in  all  three  karyotypes.  Using  our  index  criterion,  the  centro- 
meric classes  are  also  similar,  except  that  pairs  4 and  5 which  were 
presented  by  Kawano  and  litis  (1964)  are  reversed.  Neither  Barber 
(1941)  or  Kawano  and  litis  (1964)  reported  secondary  constrictions  for 
this  species. 

The  Linnaean  genus  Uvularia  with  five  species  confined  to  eastern 
North  America  is  divided  into  the  perfoliate-leaved  section  Uvularia 
and  the  sessile-leaved  section  Oakesiella  (Small)  Wilbur  (Wilbur, 
1963).  Uvularia  perfoliata  and  U.  grandiflora  are  the  two  species  in 
section  Uvularia.  The  morphological  similarity  between  U.  perfoliata 
and  U.  grandiflora  (Anderson  and  Whitaker,  1934;  Barber,  1941; 
Dietz,  1952;  Wilbur,  1963;  Whigham,  1974)  including  debated  hybrid 
gradients  (Anderson  and  Whitaker,  1934;  Dietz,  1952)  as  well  as  karyo- 
typic similarity  (Kawano  and  litis,  1964;  Utech,  1978)  dictates  further 
karyological  investigation  throughout  the  ranges  of  this  sectional  pair. 

Uvularia  sessilifolia  Linnaeus 
Figs.  13-15;  Tables  1,  6 

Pennsylvania. — Somerset  County,  Jefferson  township,  Laurel  Hill  State  Park,  road 
side  slope  within  hemlock  grove  along  Laurel  Hill  Creek;  Lat.  40°02'N,  Long.  79°15'W, 
Elev.  360  m;  24  April  1979,  Utech  79-088  CM. 

Distribution. — General — mesic  hardwood  and  bottomland  forests  of  eastern  North 
America,  ranging  from  Nova  Scotia  south  to  northern  Florida  and  west  into  North  Dakota 
and  Louisiana;  maps — Braun  (1967),  Deam  (1940,  1970),  Harvill  et  al.  (1977),  Johnson 
(1969),  Jones  and  Fuller  (1955),  Lakela  (1965),  McGilliard  (1955),  McGregor  et  al.  (1977), 
McIntosh  (1950),  Radford  et  al.  (1965,  1968),  Roland  (1944-46),  Soper  (1952),  Steyer- 
mark  (1963),  Voss  (1972),  Wherry  et  al.  (1979),  Wilbur  (1963),  Winterringer  and  Evers 
(1960). 

Pretreatment. — 0.05%  colchicine  for  5 h at  19-21°C;  1:3  acetic-ethanol;  AO. 

Ten  individuals  from  a dense  population  of  Uvularia  sessilifolia  Lin- 
naeus were  selected.  One  hundred  counts  of  2 n = 14  were  made 
among  the  sampled  individuals.  There  were  no  indications  of  either 
chromosomal  fragments  or  aneusomaty  in  the  material  examined.  As 
in  U.  perfoliata,  the  interphase  nuclei  of  U.  sessilifolia  stained  uni- 
formly with  no  indications  of  chromocenters. 

Twenty  complements  of  U.  sessilifolia  were  selected  for  karyotypic 
analysis.  The  average  genome  length  was  66.10  p (S.D.  = 0.94)  which 
is  significantly  shorter  than  that  in  U.  perfoliata  which  had  a length  of 
102.98  p.  The  average  ratio  of  the  longest  to  shortest  (L/S)  chromo- 
some was  2.81  (S.D.  = 0.25)  which  is  significantly  lower  than  the  4.39 
ratio  observed  in  U.  perfoliata.  Because  three  of  the  seven  pairs  in 
U.  sessilifolia  have  centromeric  ratios  which  are  less  than  0.450  (Table 
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Uvularia  sessilifolia  L. 

Fig.  13. — Distribution  of  Uvularia  sessilifolia  Linnaeus  in  western  Pennsylvania  based 
on  specimens  in  the  Herbarium  of  Carnegie  Museum  of  Natural  History  (CM).  Locality 
indicated  by  circled  star. 


6),  a value  of  0.428  along  the  asymmetry/symmetry  gradient  makes 
this  complement  more  symmetrical  (Fig.  15)  than  that  of  U.  perfoliata 
which  has  a value  of  0.571  (Fig.  12). 

All  of  the  pairs  are  readily  distinguishable  on  the  basis  of  length  and 
centromeric  position  (Table  6;  Fig.  15).  Pair  1 which  is  the  largest  is 
also  the  most  metacentric  within  the  complement  (0.969).  Pairs  2 and 
3 whose  total  lengths  differ  are  clearly  subtelocentric  with  values  of 
0.333  and  0.167  respectively.  Pair  2 can  be  further  distinguished  from 


1980 


Utech — Vascular  Plant  Chromosome  Atlas  I 


289 


Fig.  14. — Photomicrograph  of  sample  complement  of  Uvularia  sessilifolia  L.  from  Som- 
erset County,  Pennsylvania.  Scale  indicated. 


pair  3 by  the  secondary  constriction  on  the  long  arm  of  pair  2 (Fig. 
15).  Whereas  pairs  4 and  5 are  metacentric,  pair  6 is  submetacentric 
and  pair  7 is  subtelocentric.  The  karyotype  of  U.  sessilifolia  is  notably 
different  from  that  established  for  U.  perfoliata  (Tables  5,  6;  Figs.  11- 
12,  14-15).  The  karyotypic  formula  for  U.  sessilifolia  may  be  ex- 
pressed as  follows:  K (In)  = 14  = 2 V + 4 J (2  Jx  + 2 J2)  + 4 M x 
(2  Mj  + 2 M2)  + 2 m 4-  2 j. 

Two  reports  of  2 n = 14  are  known  for  Uvularia  sessilifolia  (Table 
1)  which  is  a member  of  the  sessile-leaved  section  Oakesiella  (Wilbur, 
1963;  Utech,  1978).  Examining  unpretreated  root  tips  collected  near 
Boston,  Anderson  and  Whitaker  (1934)  presented  a small  haploid  idi- 
ogram  which  lacked  a length  scale.  It  is  nearly  impossible  to  infer  from 
their  figure  accurate  chromosomal  detail.  However,  Kawano  and  litis 
(1964)  presented  measurements  and  a haploid  idiogram  based  on 
oxyquinoline  pretreated  root  tips  from  a population  near  Trout  Lake, 
Vilas  County,  Wisconsin. 

There  are  more  similarities  than  dissimilarities  between  the  karyo- 
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Table  6. — Measurements  for  a composite  haploid  karyotype  of  Uvularia  sessilifolia  L. 
based  on  20  colchicine  pretreated,  somatic  complements  (TV  = 40)  (see  Figs.  13-15). 


Length  of  chromosomes  (/x) 


Pair 

number 

Long  arm 

+ 

Short  arm 

Total 

Relative 

length 

Centromere 

index 

Type 

1. 

3.92 

+ 

3.80 

7.72 

1.000 

0.969 

M 

(0.32) 

(0.11) 

(0.30) 

— 

(0.02) 

2. 

3.94  + 0.56 

+ 

1.50 

6.00 

0.772 

0.333 

ST 

(0.29)  (0.15) 

(0.20) 

(0.32) 

(0.04) 

(0.03) 

3. 

4.49 

+ 

0.75 

5.24 

0.679 

0.167 

ST 

(0.31) 

(0.15) 

(0.27) 

(0.02) 

(0.01) 

4. 

2.54 

+ 

2.00 

4.54 

0.588 

0.787 

M 

(0.23) 

(0.19) 

(0.20) 

(0.02) 

(0.03) 

5. 

1.75 

+ 

1.67 

3.42 

0.443 

0.954 

M 

(0.36) 

(0.33) 

(0.28) 

(0.08) 

(0.05) 

6. 

2.25 

+ 

1.13 

3.38 

0.438 

0.502 

SM 

(0.38) 

(0.15) 

(0.22) 

(0.04) 

(0.04) 

7. 

2.00 

+ 

0.75 

2.75 

0.356 

0.375 

ST 

(0.14) 

(0.18) 

(0.10) 

(0.02) 

(0.01) 

type  of  Kawano  and  litis  (1964)  and  that  presented  here.  Both  karyo- 
types are  characterized  by  similar  chromosomal  size  and  centromeric 
classes.  Both  share  a large  metacentric  chromosome  (pair  1)  and  a 
mid-sized  subtelocentric  chromosome  (pair  3)  (Fig.  15).  Both  karyo- 
types have  the  same  asymmetry/symmetry  value  of  0.428.  The  differ- 
ences in  genome  lengths  (78.4  p versus  66.10  p)  and  L/S  ratios  (3.92 
versus  2.81)  probably  indicate  more  about  complement  condensation 
and  selection  than  inherent  structural  differences. 

Further  karyological  work  on  the  three  species  in  section  Oakesiel- 
la — U.  perfoliata  L.,  U.  puberula  Michaux  and  U.  floridana  Chap- 
man— is  urgently  needed.  A stabilized  aneuploidy  number  of  In  = 12 
was  recently  reported  for  the  restricted  U.  floridana  (Utech,  1978). 
The  only  karyotypic  data  and  idiogram  for  U.  puberula  were  reported 
by  Kawano  and  litis  (1964)  and  they  indicate  a 2n  = 14  number  with 
a somewhat  troublesome  telocentric  chromosomal  pair  (Utech,  1978). 
More  counts  and  karyotypes  for  all  three  species  are  needed  to  fully 
document  the  chromosomal  evolution  within  this  section. 

Caulophyllum  thalictroides  (L.)  Michaux 
Figs.  16-18;  Tables  1,  7 

Pennsylvania. — Washington  County,  Union  township,  bluffs  along  the  Mononga- 
hela  River,  ca.  1.7  km  NW  of  New  Eagle  on  PA  837;  mesic  woodlot;  Lat.  40°14'N, 
Long.  79°58'W;  Elev.  320  m;  24  April  1979,  Utech  79-081  CM. 
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Fig.  15. — Haploid  idiogram  of  Uvularia  sessilifolia  L.  (Somerset  County,  Pennsylvania; 
Utech  79-088). 


Distribution. — General  range — mesic  woods  of  eastern  North  America,  New  Bruns- 
wick to  Ontario  and  Manitoba,  south  to  South  Carolina,  Alabama,  and  Missouri;  maps — 
Deam  (1940,  1970),  Fassett  (1946),  Hardin  and  Cooper  (1967),  Jones  and  Fuller  (1955), 
Lakela  (1965),  Lloyd  and  Lloyd  (1931),  McGregor  and  Barkley  (1977),  Radford  et  al. 
(1965,  1968),  Rudd  (1951),  Smith  (1978),  Steyermark  (1963),  Wherry  et  al.  (1979);  Win- 
terringer  and  Evers  (1960). 

Pretreatment. — 0.05%  colchicine  for  4 h at  19  to  21°C;  1.3  acetic-ethanol;  AO. 

Eight  individuals  of  Caulophyllum  thalictroides  (L.)  Michaux  were 
dug  from  the  population  for  analysis.  The  interphase  nuclei  stained 
uniformly  and  there  were  no  indications  of  chromocenters.  A total  of 
100  root  tip  counts  of  2 n = 16  were  made  from  the  eight  individuals. 
No  complement  irregularities  were  observed. 

Twenty  complements  from  two  individuals  were  selected  for  estab- 
lishing the  karyotype.  Only  figures  with  highly  condensed  chromo- 
somes and  well  spread  complements  were  selected.  The  average  ratio 
of  the  longest  to  shortest  (L/S)  chromosome  was  1.99  with  a standard 
deviation  of  0.11.  The  average  length  of  the  genome  was  98.12  p with 
a standard  deviation  of  1.84.  Whereas  all  of  the  chromosomes  have 
measurements  between  8.0  and  3.5  p they  all  fall  into  the  moderately 
large  to  small  class.  Pairs  1 through  5 are  metacentric.  Pair  1 is  the 
most  metacentric  of  this  group.  Pairs  6 through  8 are  in  the  submeta- 
centric  class  with  pair  8 the  shortest  and  the  most  submedian.  Both 
the  metacentric  and  the  submetacentric  chromosomes  are  readily  dis- 
tinguishable on  the  basis  of  their  lengths.  Because  none  of  the  nine 
pairs  have  short  to  long  arm  (s/1)  ratios  which  were  less  than  0.450, 
the  karyotype  is  judged  quite  symmetrical  along  the  asymmetry/sym- 
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Caulophyllum  thalictroides  (L.l  Michx 


Fig.  16. — Distribution  of  Caulophyllum  thalictroides  (L.)  Michaux  in  western  Pennsyl- 
vania based  on  specimens  in  the  Herbarium  of  Carnegie  Museum  of  Natural  History 
(CM).  Locality  indicated  by  circled  star. 


metry  gradient.  No  secondary  constriction  (NOR)  was  observed  during 
our  analysis.  The  karyotypic  formula  for  C.  thalictroides  may  be  ex- 
pressed as  follows:  K(2n)  = 16  = 10  V + 4 J + 2 j. 

There  are  two  species  of  Caulophyllum  in  the  world — C.  robustum 
in  southeast  Asia  and  C.  thalictroides  in  eastern  North  America  (Gray, 
1846;  Li,  1952;  Ohwi,  1967;  Kawano  and  Ihara,  1967;  Kitagawa,  1979). 
Moreover,  the  high  degree  of  morphological  similarity  between  these 
two  species  has  led  some  taxonomists  to  believe  that  they  are  conspe- 
cific — Caulophyllum  thalictroides  (L.)  Michx.  subsp.  robustum  (Max- 
im.) Kitamura  (Kitamura  and  Murata,  1962). 

The  Asian  populations  like  their  American  counterparts  have  so- 
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Fig.  17. — Photomicrograph  of  sample  complement  of  Caulophyllum  thcilictroides  (L.) 
Michx.  from  Washington  County,  Pennsylvania.  Scale  indicated. 


matic  numbers  of  2n  = 16.  Matsuura  and  Suto  (1935)  first  reported  n = 
8 chromosomes  from  a pollen  grain  mitosis.  Both  Kuroki  (1965)  and 
Kawano  and  Ihara  (1967)  used  oxyquinoline  pretreated  root  tips  from 
different  Japanese  populations  to  establish  somatic  karyotypes  based 
on  2 n = 16. 

Karyotypic  analysis  of  the  American  populations  have  also  been 
reported  (Table  1).  Langlet  (1928)  used  cultivated  material,  paraffin 
sectioning  techniques,  and  no  pretreatment  in  establishing  the  2/7  = 16 
number.  Discerning  individual  chromosomes  and  pairs  is  difficult  from 
the  single  drawing  presented.  In  1963,  Moore  used  the  newer  squash 
technique  but  without  a pretreatment  to  document  a 2 n = 16  karyo- 
type from  a population  near  Ottawa,  Canada.  Measurements  and  a 
summary  idiogram  are,  however,  presented. 

The  comparison  by  Kawano  and  Ihara  (1967)  of  the  karyotypes  of 
the  Asian  and  American  (based  on  Moore,  1963)  populations  was  tried 
due  to  the  lack  of  comparable  pretreatments.  The  results  presented 
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Fig.  18. — Haploid  idiogram  of  Caulophyllum  thalictroides  (L.)  Michx.  (Washington 
County,  Pennsylvania;  Utech  79-081). 


here  for  the  American  C.  thalictroides  form  a better  comparison  to  the 
Asian  populations,  because  a colchicine  pretreatment  was  used.  The 
chromosomes  of  our  selected  complements  were  more  condensed  (to- 
tal genome  length — 98.12  pt)  than  those  of  Kawano  and  Ihara  (1967; 


Table  7. — Measurements  for  a composite  haploid  karyotype  of  Caulophyllum  thalic- 
troides (L.)  Michx.  based  on  20  colchicine  pretreated,  somatic  complements  (N  = 40) 

(see  Figs.  14-15). 


Pair  Length  of  chromosomes  (pi) 


num- 

ber 

Long  arm 

+ 

Short  arm 

Total 

Relative 

length 

Centromere 

index 

Type 

1. 

4.03 

+ 

3.68 

7.71 

1.000 

0.913 

M 

(0.33) 

(0.35) 

(0.67) 

— 

(0.03) 

2. 

3.92 

+ 

3.38 

7.30 

0.945 

0.862 

M 

(0.39) 

(0.31) 

(0.68) 

(0.12) 

(0.04) 

3. 

3.74 

+ 

3.26 

7.00 

0.908 

0.872 

M 

(0.41) 

(0.35) 

(0.76) 

(0.05) 

(0.01) 

4. 

3.61 

+ 

3.17 

6.78 

0.878 

0.878 

M 

(0.36) 

(0.47) 

(0.81) 

(0.04) 

(0.07) 

5. 

3.45 

+ 

2.89 

6.34 

0.820 

0.837 

M 

(0.34) 

(0.54) 

(0.85) 

(0.06) 

(0.09) 

6. 

3.61 

+ 

1.62 

5.32 

0.679 

0.449 

ST 

(0.47) 

(0.14) 

(0.40) 

(0.02) 

(0.08) 

7. 

3.19 

+ 

1.55 

4.74 

0.614 

0.486 

SM 

(0.38) 

(0.10) 

(0.47) 

(0.03) 

(0.03) 

8. 

2.52 

+ 

1.35 

3.87 

0.503 

0.535 

SM 

(0.34) 

(0.12) 

(0.26) 

(0.02) 

(0.11) 
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Podophyllum  peltatum  L. 


Fig.  19.— Distribution  of  Podophyllum  peltatum  Linnaeus  in  western  Pennsylvania 
based  on  specimens  in  the  Herbarium  of  Carnegie  Museum  of  Natural  History  (CM). 
Locality  indicated  by  circled  star. 


144.3  /x),  but  less  condensed  than  those  reported  by  Kuroki  (1965;  84.4 
/x).  However,  our  ratio  of  the  longest  to  shortest  (L/S)  chromosome, 
was  1.99,  and  Kuroki  (1965)  found  1.64.  Whereas  our  sample  exhibited 
greater  chromosomal  condensation  than  the  sample  reported  by  Ka- 
wano  and  Ihara  (1967),  it  is  not  surprising,  therefore,  that  our  idiogram 
has  more  submetacentric  than  subtelocentric  chromosomes.  Yet,  the 
overall  karyotypic  similarities  between  our  American  sample  and  those 
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Fig.  20. — A)  Photomicrograph  of  sample  complement  of  Podophyllum  peltatum  L.  from 
Westmoreland  County,  Pennsylvania.  B)  Enlargement  of  pairs  5 and  6 showing  primary 
and  secondary  constrictions.  Scale  indicated. 


from  Japan  (Kuroki,  1965;  Kawano  and  Ihara,  1967)  are  greater  than 
the  similarities  between  our  American  sample  and  that  presented  by 
Moore  (1963)  for  a Canadian  population.  Hybridization  studies  includ- 
ing F!  meiotic  analysis  between  this  pair  of  disjuncts  would  be  the 
ideal  test  of  karyotype  similarity. 

Podophyllum  peltatum  L. 

Figs.  19-21;  Tables  1,  8 

Pennsylvania. — Mercer  County,  Hickory  township,  mesic  woodlot  E of  Sharpsville 
at  the  intersection  of  PA  18  and  PA  518,  ca.  1.2  km  NW  of  Shenango  River;  Lat. 
41°45'N,  Long.  80°27'W,  Elev.  310  m;  12  April  1979,  Utech  79-047  CM.  Westmore- 
land County,  Cook  township,  Powdermill  Nature  Reserve,  ca.  6.3  km  SE  of  Rector 
on  PA  381;  Lat.  40°25'N,  Long.  79°45'W,  Elev.  400  m;  10  April  1979,  Utech  79-025  CM. 

Distribution. — General — eastern  North  American  deciduous  forest  from  the  maritime 
Provinces  to  the  Dakotas,  south  to  Texas  and  Florida;  maps — Fassett  (1946),  McGregor 
and  Barkley  (1977),  Mitchell  (1963),  Newman  (1963),  Jones  and  Fuller  (1955),  Deam 
(1940,  1970),  Smith  (1978),  Steyermark  (1963),  Radford  et  al.  (1965,  1968),  Wherry  et  al. 
(1979),  Winterringer  and  Evans  (1960). 

Pretreatment. — 0.05%  colchicine  for  4 h at  19  to  21°C;  1:3  acetic-ethanol;  AO. 

Two  populations  of  the  highly  clonal  Podophyllum  peltatum  Lin- 
naeus separated  by  120  km  were  sampled.  One  hundred  metaphase 
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1 2 3 4 5 6 

Fig.  21. — Haploid  idiogram  of  Podophyllum  peltatum  L.  (Westmoreland  County,  Penn- 
sylvania; Utech  79-025 ). 


figures  were  observed  from  both  the  Mercer  County  and  Westmore- 
land County  clones.  All  200  counts  were  In  = 12.  All  of  the  interphase 
nuclei  observed  stained  uniformly  and  there  was  no  indication  of  het- 
eropycnotic  bodies  or  fragments. 

Numerous  figures  were  available  for  analysis  for  both  clones.  Fifty 
complements  from  both  clones  were  compared  on  the  basis  of  total 
genome  length  and  the  longest  to  shortest  (L/S)  chromosome  ratios. 
The  average  genome  length  for  the  Mercer  clone  was  151.30  /x  (S.D.  = 
0.54)  and  149.68  /x  (S.D.  = 0.46)  for  the  Westmoreland  clone.  The  L/ 
S ratios  were  1.82  (S.D.  = 0.19)  for  the  Mercer  clone  and  1.76  (S.D.  = 
0.13)  for  the  Westmoreland  clone.  The  greatest  karyotypic  variation 
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Table  8.— Measurements  for  a composite  haploid  karyotype  of  Podophyllum  peltatum 
L.  based  on  20  colochicine  pretreated,  somatic  complements.  (TV  = 40) 

(see  Figs.  17-18). 


Pair 

number 

Length  of  chromosomes  (/u,) 

Relative 

length 

Centromere 

index 

Long  arm 

+ 

Short  arm 

Total 

Type 

1. 

8.38 

+ 

7.63 

16.01 

1.000 

0.911 

M 

(0.22) 

(0.43) 

(0.58) 

— 

(0.05) 

2. 

8.25 

+ 

6.75 

15.00 

0.936 

0.818 

M 

(0.33) 

(0.47) 

(0.77) 

(0.02) 

(0.03) 

3. 

8.11 

+ 

5.22 

13.33 

0.832 

0.645 

SM 

(0.40) 

(0.43) 

(0.61) 

(0.02) 

(0.06) 

4. 

7.06 

+ 

4.47 

11.53 

0.720 

0.633 

SM 

(0.88) 

(0.24) 

(0.89) 

(0.04) 

(0.09) 

5. 

5.75  + 3.63 

+ 

0.500 

9.88 

0.617 

0.054 

ST 

(1.35)  (0.94) 

(0.01) 

(0.67) 

(0.03) 

(0.01) 

6. 

2.35  + 5.13 

+ 

1.61 

9.09 

0.566 

0.215 

ST 

(0.25)  (0.47) 

(0.36) 

(0.775) 

(0.033) 

(0.038) 

between  and  within  the  almost  identical  clonal  complements  occurred 
in  the  two  mid-sized  chromosomal  pairs.  For  the  purposes  of  karyo- 
typic analysis  twenty  complements  from  the  Powdermill  Nature  Re- 
serve, Westmoreland  County,  clone  were  selected. 

The  six  pairs  of  somatic  chromosomes  fall  into  three  size  and  cen- 
tromeric  classes.  In  the  largest  size  class  (15.0-16.5  p),  there  are  two 
metacentric  pairs  (Nos.  1-2).  In  the  medium  size  class  (11.5-13.5  /x), 
there  are  two  submetacentric  pairs  (Nos.  3-4).  In  the  smallest  size 
class  (9.0-10.0  /x),  there  are  two  subtelocentric  pairs  (Nos.  5-6).  On 
the  basis  of  length  and  centromere  positions,  pairs  1 and  2 as  well  as 
pairs  3 and  4 are  distinguishable  (Table  8).  Though  close  in  length, 
pairs  5 and  6 are  readily  distinguishable  on  the  basis  of  their  primary 
and  secondary  constrictions.  Whereas  pair  5 is  more  subtelocentric 
(0.054)  than  pair  6 (0.215)  (Table  8),  the  secondary  constrictions  (NOR) 
on  pair  5 are  more  markedly  medial  on  the  long  arms  than  in  pair  6 
(Figs.  20B,  21).  During  mitotic  anaphase,  chromosome  5 appears  telo- 
centric, because  the  short  arm  is  so  small.  The  karyotypic  formula  for 
this  species  may  be  expressed  as  follows:  K (2 n)  =12  = 4V(2V1  + 
2 V2)  + 4 J (2  Jj  + 2 J2)  + 4 I (2  Ij  + 2 I2). 

A diploid  chromosome  number  of  12  is  presently  accepted  for  Podo- 
phyllum peltatum  (Table  1),  although  in  its  early  karyological  history 
a number  of  16  was  presented.  Idiograms  have  been  presented  by  three 
different  workers  (Kaufman,  1926;  Newman,  1963;  Kuroki,  1967).  All 
are  in  general  agreement  with  the  one  presented  here.  Newman  (1963) 
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reversed  the  order  of  pairs  5 and  6 based  on  size,  but  the  locations  of 
the  secondary  constrictions  are  identical.  The  considerable  meiotic 
abnormalities  which  are  known  for  this  species  (Newman,  1959,  1966, 
1967;  Mtihiing  and  Wilson,  1961)  further  suggest  that  minor  translo- 
cations have  occurred  and  that  these  changes  may  be  responsible  for 
the  somatic  karyotypic  differences  noted.  Though  highly  clonal  via  rhi- 
zome growth  and  consequently  conservative  of  a given  cytotype, 
Swanson  and  Sohmer  (1976a,  1976&)  have  demonstrated,  locally  at 
least,  that  this  species  is  self  incompatible,  not  agamospermic,  and 
dependent  upon  pollen  transfer  between  populations. 

The  closest  relatives  of  Podophyllum  peltatum  are  in  eastern  Asia. 
Two  generally  recognized  relatives  are  P.  hexandrum  Royle  ex  Cam- 
bessedes  (=P.  emodi  Wallich  ex  Honigberger)  in  the  Himalayan  region 
(Hooker  and  Thomson,  1855;  Kara,  1971;  Stewart,  1972;  Subraman- 
yam,  1973;  Jafri,  1974;  Soejarto  et  aL,  1979)  and  P.  pleianfhum 
Hance  ( — Dysosma  pleiantha  (Hance)  Woodson;  Woodson,  1928)  in 
southeast  China  and  Formosa.  The  somatic  karyotypes  of  both  P. 
hexandrum  and  P.  pleianthum,  as  well  as  accompanying  idiograms, 
have  been  reported  by  Kuroki  (1965)  and  others.  The  karyotypes  are 
remarkably  similar.  Furthermore,  they  are  both  similar  to  the  Ameri- 
can P.  peltatum  in  that  they  all  share  the  same  chromosomal  size  and 
centromere  classes  and  locations  of  secondary  constrictions.  The 
karyotypic  homogeneity  within  these  three  species  of  Podophyllum 
has  been  generalized  and  compared  to  another  eastern  North  American 
and  eastern  Asian  genus,  Diphylleia  Michx.,  which  also  has  a similar 
karyotypic  pattern  (Miyaji,  1930;  Kurita,  1956;  Kuroki,  1965,  1967; 
Noguchi  and  Kawano,  1974). 
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Abstract 

One  cricetid,  Cope  my  s kelloggae,  and  two  zapodids,  Schaubeumys  grangeri  and 
Megasminthus  tiheni,  are  recognized  from  UNSM  Locality  Kx  1 10.  All  North  American 
zapodids  referred  to  either  Schaubeumys  or  Plesiosminthus  are  reviewed.  Six  species 
of  either  Plesiosminthus  or  Schaubeumys  are  recognized. 

The  cricetid  and  zapodids  present  in  the  fauna  suggest  a late  Barstovian  age. 


Introduction 

Annie’s  Geese  Cross  Quarry  (UNSM  locality  Kx  110)  is  in  the 
Crookston  Bridge  Member  of  the  Valentine  Formation  of  Knox  Coun- 
ty, Nebraska  (Voorhies,  1971;  Korth,  1979a).  Voorhies  (1971)  briefly 
listed  some  of  the  mammalian  taxa  from  Kx  110.  Korth  (1979/?)  iden- 
tified five  species  of  geomyoid  rodents  from  Kx  110,  but  was  unable 
to  determine  the  specific  land  mammal  age  ( sensu  H.  E.  Wood  et  al., 
1941)  based  on  these  species.  Further  investigation  of  the  remainder 
of  the  fauna  was  necessary  for  an  age  determination.  This  study  shows 
that  the  cricetid  and  zapodid  rodents  from  Kx  110,  though  relatively 
rare  in  the  fauna  compared  to  the  geomyoids,  are  helpful  in  determin- 
ing the  age  of  the  Crookston  Bridge  Member. 
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The  cricetid  dental  terminology  employed  here  differs  in  some  de- 
tails from  that  of  the  zapodid  dental  terminology.  The  cricetid  tooth 
nomenclature  used  is  from  Lindsay  (1972:75)  and  the  zapodid  termi- 
nology is  from  Green  (1977:997). 

Abbreviations. — SDSM — South  Dakota  School  of  Mines;  UMMP— University  of 
Michigan  Museum  of  Paleontology;  UNSM — University  of  Nebraska  State  Museum;  A- 
P— anteroposterior  length;  tra — anterior  transverse  width;  trp— posterior  transverse 
width;  N — number  of  specimens  measured;  M — mean;  SD — standard  deviation;  OR — 
observed  size  range;  CV — coefficient  of  variation. 


Systematic  Paleontology 

Order  Rodentia 
Family  Cricetidae 
Copemys  Wood,  1936 
Copemys  kelloggae  (Hoffmeister,  1959) 

Fig.  1,  Table  1 

Referred  material.—  UNSM  53177,  mandible  with  partial  LMi;  UNSM  56375,  tooth- 
less mandible;  UNSM  56376,  maxilla  with  RM^M2. 

Description. — The  anterocone  of  M1  (UNSM  56376)  is  asymmetrical  and  extends 
just  over  half  the  width  of  the  tooth  from  the  buccal  edge.  Metalophule  II  runs  postero- 
lingually  from  the  metacone  and  joins  the  posterior  cingulum  well  behind  the  hypocone. 
The  mesoloph  is  weak  and  close  to  the  metacone.  The  anterior  valley  between  the 
anterocone  and  paracone  is  blocked  bucally  by  a minor  ridge. 

M2  has  a very  weak  protolophule  I.  The  anterior  cingulum  extends  the  entire  width  of 
the  tooth.  The  metaloph  runs  from  the  metacone  directly  to  the  center  of  the  hypocone. 

The  anteroconid  has  been  broken  off  the  only  specimen  of  Mx,  UNSM  53177  (Fig.  lb). 
The  metaconid  and  protoconid  of  Mx  are  situated  quite  close  together,  the  protoconid 
extending  just  posterior  to  the  metaconid.  The  mesolophid  is  weak.  No  ectolophid  or 
ectostylid  are  present.  The  central  valley  between  the  protoconid  and  hypoconid  is 
blocked  bucally  by  a minor  ridge.  The  posterior  cingulum  is  short  with  a distinct 
hypoconulid. 

Discussion. — The  Kx  110  cricetid  material  is  comparable  in  size  to 
Copemys  kelloggae,  C.  tenuis,  and  C.  russelli.  It  differs  from  C.  tenuis 
by  having  a narrower  anterocone  on  M1,  a low  mesoloph(-id)  on  M1, 
and  a pronounced  hypoconulid  on  . It  differs  from  C.  russelli  in  the 
lack  of  a paralophule  and  protolophule  I on  M1,  and  the  possession  of 
a distinct  hypoconulid  on  (see  Lindsay,  1972). 

The  Kx  1 10  cricetid  molars  are  simpler  than  those  of  C.  kelloggae 
canadensis,  lacking  accessory  styles  and  lophs,  but  are  within  the 
range  of  morphological  variation  of  this  subspecies.  The  distinct  hy- 
poconulid on  Mj  of  the  Kx  110  specimen  (UNSM  53177),  however,  is 
not  reported  or  figured  for  C.  k.  canadensis  (Storer,  1975).  All  speci- 
mens of  C.  kelloggae  from  Norden  Bridge  (Klingener,  1968)  and  the 
Niobrara  River  fauna  (Hoffmeister,  1959)  have  a distinct  hypoconulid 
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1 mm 

Fig.  1.— Copemys  kelloggae  from  UNSM  locality  Kx  110.  A)  UNSM  56376,  RM'-M2; 
B)  UNSM  53177,  LM^ 

on  M1(  a character  also  shared  with  Gnomomys  saltus  from  the  Clar- 
endonian  WaKeeney  fauna  of  Kansas  (R.  L.  Wilson,  1968). 

The  Kx  110  cricetid  material  is  clearly  referrable  to  C.  kelloggae  as 
described  by  Hoffmeister  (1959)  and  Klingener  (1968). 


Table  1. — Dental  measurements  of  Copemys  kelloggae  from  UNSM  Locality  Kx  110. 
Measurements  in  millimeters. 


M1 

M2 

M, 

Specimen 

A-P 

tra 

trp 

A-P 

tra 

trp 

A-P 

tra 

trp 

UNSM  56376 
UNSM  53177 

1.71 

1.09 

1.12 

1.32 

1.17 

1.10 

— 

0.96 

1.10 

310 


Annals  of  Carnegie  Museum 


vol.  49 


A 


1mm 


B 


Fig.  2.— Schaubeumys  grangeri,  UNSM  53189,  RMt.  A)  occlusal  view;  B)  lateral  view 
of  mandible. 


Family  Zapodidae 
Subfamily  Sicistinae 
Schaubeumys  Wood,  1935 
Schaubeumys  grangeri  Wood,  1935 
Figs.  2,  3,  Table  2 

Referred  material. — UNSM  53187,  partial  maxilla  with  RM2-M3;  UNSM  53188,  partial 
maxilla  with  RM2;  UNSM  53189,  mandible  with  RM,. 

Description. — Mj  of  UNSM  53189  has  a double  anteroconid.  The  larger  anteroconid 
is  directly  anterior  to  the  protoconid  and  buccal  to  the  center  of  the  tooth.  The  smaller 
anteroconid  is  lingually  positioned,  anterior  to  the  metaconid.  The  ectolophid  joins  the 
metalophid  at  its  center  between  the  protoconid  and  metaconid,  by  way  of  a short 
anteroposteriorly  directed  loph.  The  mesoconid  is  strong.  A hypoconulid  is  present  but 
small. 

On  UNSM  53188,  the  anterior  part  of  the  palate  and  base  of  the  zygoma  are  preserved 
(Fig.  3a).  The  incisive  foramen  extends  posteriorly  to  about  the  level  of  the  center  of 
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1 mm 


B 


Fig.  3. — Upper  teeth  of  Schaubeumys  granger i from  UNSM  locality  Kx  110.  A)  UNSM 
53188,  RM2;  B)  UNSM  53187,  RM2-M3. 


P4.  On  the  dorsal  surface  of  the  maxilla  is  a distinct  groove  that  runs  anteriorly  along 
the  alveolar  process  and  crosses  the  zygoma.  This  same  groove  is  present  also  on 
specimens  of  Megasminthus  from  Kx  110.  In  Parasminthus,  Zapus,  and  all  other  zapo- 
dids,  this  groove  is  continuous  with  the  subinfraorbital  foramen,  a characteristic  of  the 
family.  The  bony  flange  which  forms  the  lateral  and  dorsal  sides  of  the  subinfraorbital 
foramen  in  other  zapodids  (Bohlin,  1946)  is  not  preserved  on  any  UNSM  specimens  of 
Schaubeumys  or  Megasminthus. 
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Table  2. — Dental  measurements  of  Schaubeumys  grangeri  from  UNSM  Locality  Kx 
1 10.  Measurements  in  millimeters. 


UNSM  no. 

A-P 

tra 

trp 

53189 

1.44 

Mx 

0.95 

1.10 

53187 

1.22 

M2 

1.22 

1.06 

53188 

1.19 

1.22 

1.08 

53187 

0.75 

M3 

1.02 

_ 

M2  and  M3  from  Kx  110  do  not  differ  from  those  described  by  Green  (1977)  for  S. 
grangeri.  The  anterior  cingulum  on  M3  extends  lingually  beyond  its  union  with  the 
protocone. 

Discussion. — The  connection  of  the  ectolophid  with  the  metalophid 
and  the  relatively  large  mesoconid  on  (UNSM  53189)  makes  the 
material  clearly  referrable  to  Schaubeumys  (see  discussion  of  the 
genus  below).  All  of  the  Kx  110  specimens  are  within  the  range  of 
size  and  morphology  of  S.  grangeri,  and  are  here  referred  to  this 
species. 


Schaubeumys  and  Plesiosminthus 

Schaubeumys  was  originally  referred  to  the  Cricetidae  by  A.  E. 
Wood  (1935).  Stehlin  and  Schaub  (1951)  recognized  the  dipodid  affin- 
ities of  Schaubeumys  and  noted  its  similarity  to  the  European  Ple- 
siosminthus. Later  authors  have  discussed  the  possible  synonymy  of 
Plesiosminthus  and  Schaubeumys  (Black,  1958;  R.  W.  Wilson,  1960; 
Green,  1977;  Engesser,  1979). 

Several  authors  have  considered  Schaubeumys  a junior  synonym  of 
Plesiosminthus  and  referred  all  North  American  specimens  to  the  Eu- 
ropean genus  (Macdonald,  1972;  Storer,  1975;  J.  E.  Martin,  1976; 
Green,  1977).  Other  authors  have  maintained  Schaubeumys  as  a dis- 
tinct genus  of  zapodid  (Black,  1958;  L.  D.  Martin,  1974;  Engesser, 
1979). 

R.  W.  Wilson  (1960)  thoroughly  discussed  the  differences  between 
Schaubeumys,  Plesiosminthus,  and  the  Asian  Parasminthus  Bohlin 
(1946),  and  included  all  three  as  subgenera  of  Plesiosminthus.  Only 
Klingener  (1966)  and  Sutton  (1972)  have  followed  Wilson’s  subgeneric 
allocations. 

Table  3 lists  the  criteria  used  to  separate  Plesiosminthus  from 
Schaubeumys  by  various  authors.  Many  of  these  differences,  how- 
ever, do  not  appear  to  be  constant. 
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Table  3. — Characters  used  by  various  authors  to  separate  Schaubeumys  from  Plesi- 

osminthus. 


Schaubeumys 

Plesiosminthus 

R.  W. 

Wilson,  1960 

1.  Cuspate  molars 

1.  Crested  molars 

2.  Well  developed  anterocone  on 

2.  Anterocone  weak  or  absent  on 

upper  molars 

upper  molars 

3.  Well  developed  hypoconulid  on 

3.  Weak  hypoconulid  on  lower 

lower  molars 

molars 

4.  Lingual  cusps  of  upper  molars 

4.  Lingual  cusps  of  upper  molars 

anteroposteriorly  compressed 

transversely  compressed 

5.  Paracone  of  M2  isolated 

5.  Paracone  of  M2  not  isolated 

6.  Anterior  cingulum  of  M3  extends 

6.  Anterior  cingulum  of  M3  with  no 

1 ing.ua!!  y 

lingual  extension 

L,  D. 

Martin,  1974 

1 , Distinct  buccal  and  lingual 

1.  No  buccal  and  lingual  cingulum  on 

cingulum  on  molars 

molars 

2.  Paracone  and  metacone  high  on 

2.  Paracone  and  metacone  low  on 

upper  molars 

upper  molars 

3.  M2  square  in  outline 

3.  M2  wider  anteriorly 

Engesser,  1979 

1 . Ectolophid  joins  metalophid  on  M. 

1.  Ectolophid  joins  protoconid  on  Mj 

2.  Hypoconulid  and  mesoconid  well 

2.  Hypoconulid  and  mesoconid 

developed  on  M, 

weakly  developed  on  M, 

3.  Large  anterocone  on  M1 

3.  Anterocone  weak  or  absent  on  M1 

4.  Paracone  connects  to  mesoloph  on 

4.  Paracone  connects  to  protocone  on 

M1 

M1 

5.  Metacone  large  and  round  with 

5.  Metacone  anteroposteriorly 

curved  metaloph  on  M1 

compressed  with  straight  metaloph 

on  M1 

6.  P4  with  major  anterior  cusp 

6.  P4  with  ring  of  small  cusps 

All  of  the  differences  between  Plesiosminthus  and  Schaubeumys 
accepted  here  are  found  on  M/,  and  can  be  summarized  as  follows: 
1)  ectolophid  of  M,  joins  the  metalophid  or  protoconid  via  an  antero- 
posterior lophid  in  Schaubeumys , this  connection  is  oblique  and  al- 
ways with  the  protoconid  in  Plesiosminthus ; 2)  the  mesoconid  on  M, 
is  strong  in  Schaubeumys  and  weak  in  Plesiosminthus ; 3)  the  anter- 
ocone  on  M1  is  larger  and  more  distinct  in  Schaubeumys ; 4)  the  pro- 
toloph  on  M1  connects  to  the  endoloph  nearer  the  mesoloph  in  Schau - 
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beumys  and  nearer  the  protocone  in  Plesiosminthus',  5)  the  protocone 
and  hypocone  of  M1  are  anteroposteriorly  compressed  in  Schaubeu- 
mys,  and  transversely  compressed  in  Plesiosminthus ; 6)  the  metacone 
of  M1  is  rounded  with  a curved  metaloph  in  Schaubeumys  and  antero- 
posteriorly compressed  with  a straight  metaloph  in  Plesiosminthus. 
All  of  the  remaining  differences  cited  in  Table  3 between  Schaubeumys 
and  Plesiosminthus  do  not  appear  to  be  valid  (see  Stehlin  and  Schaub, 
1951;  R.  W.  Wilson,  1960;  Green,  1977). 

Based  on  the  above  listed  characters  P.  clivosus  Galbreath  (1953, 
= P.  geringensis  L.  D.  Martin,  1974)  from  Colorado,  Nebraska,  and 
South  Dakota  (Galbreath,  1953;  R.  W.  Wilson,  1960;  L.  D.  Martin, 
1974;  J.  E.  Martin,  1976;  Green,  1977)  is  clearly  referrable  to  the  pre- 
dominantly European  Plesiosminthus , rather  than  Schaubeumys.  All 
other  rodents  from  North  America  previously  referred  to  either  Ple- 
siosminthus or  Schaubeumys  should  now  be  referred  to  Schaubeumys 
(A.  E.  Wood,  1935;  Black,  1958;  R.  W.  Wilson,  1960;  Klingener,  1966; 
Macdonald,  1972;  Storer,  1975;  J.  E.  Martin,  1976;  Green,  1971,  1977). 

North  American  Species  Referred  to 
Schaubeumys  and  Plesiosminthus 

Wood  (1935)  described  Schaubeumys  grangeri  from  the  Arikareean 
Rosebud  Formation  of  South  Dakota.  Black  (1958)  described  a second 
species  of  Schaubeumys,  S.  sabrae,  from  the  late  Hemingfordian  of 
Wyoming.  Galbreath  (1953)  described  a small  zapodid  from  the  Hem- 
ingfordian of  Colorado  and  referred  it  questionably  to  the  European 
Plesiosminthus  ( P ? clivosus).  Based  on  additional  material  of  P?  cli- 
vosus, R.  W.  Wilson  (1960)  considered  this  species  as  the  only  North 
American  species  of  the  otherwise  European  subgenus  Plesiosminthus 
( Plesiosminthus ). 

R.  W.  Wilson  (1960)  described  Schaubeumys  galbreathi  from  the 
Hemingfordian  of  Colorado  and  cited  five  differences  between  it  and 
S.  grangeri.  Green  (1977)  showed  that  these  characters  were  variable 
in  a large  population  of  S.  grangeri  from  the  Rosebud  Formation  of 
South  Dakota,  the  type  area  of  this  species.  He  was  unable  to  locate 
the  holotype  of  S.  grangeri  (though  it  was  figured  by  Engesser,  1979: 
Figs.  9f,  k),  and  thus  did  not  formally  synonymize  S.  galbreathi  and 
S.  grangeri,  but  stated  that  a sample  of  S.  galbreathi  from  the  Bates- 
land  Formation  of  South  Dakota  (J.  E.  Martin,  1976)  was  inseparable 
from  S.  grangeri,  and  referred  these  specimens  to  S.  “ galbreathi . ” 
He  also  referred  Plesiosminthus  sp.  from  the  Hemingfordian  Monroe 
Creek  Formation  of  South  Dakota  (Macdonald,  1972)  to  S.  grangeri. 

Klingener  (1966)  and  Storer  (1975)  identified  Barstovian  zapodids 
from  Nebraska  and  Saskatchewan,  respectively,  as  Plesiosminthus  sp. 
These  specimens  are  all  referrable  to  Schaubeumys,  and  are  of  equal 
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size  with  the  Kx  110  material.  Both  the  Wood  Mountain  Formation 
(Saskatchewan)  specimens  and  the  Norden  Bridge  (Nebraska)  speci- 
mens are  here  assigned  to  S.  granger i. 

R.  L.  Wilson  (1968)  referred  a partial  mandible  with  M,  (UMMP 
55864)  from  the  Clarendonian  WaKeeney  fauna  of  Kansas  to  Macro- 
gnathomys  nanus.  Green  (1977)  suggested  that  this  specimen  might  be 
referrable  to  Plesiosminthus.  UMMP  55864  is  definitely  referrable  to 
Macrognathomys  rather  than  Plesiosminthus  based  on  the  diagnoses 
for  Macrognathomys  of  Hall  (1930)  and  Green  (1977). 

Three  isolated  teeth  of  an  indeterminate  sicistine  and  two  isolated 
teeth  of  an  indeterminate  zapodine  were  also  identified  from  the 
WaKeeney  fauna  (R.  L.  Wilson,  1968).  All  of  these  specimens  (UMMP 
55815,  55865,  55866,  55960)  are  cricetid  molars. 

Green  (1971)  referred  three  isolated  teeth  ( M, , M3,  M2)  from  the 
Clarendonian  Mission  fauna  of  South  Dakota  to  Plesiosminthus  sp. 
Later,  Green  (1977)  referred  these  specimens  to  Plesiosminthus  sp.  B. 
He  stated  that  the  M1  (SDSM  6862)  and  M2  (SDSM  62276)  of  Plesios- 
minthus sp.  B were  within  the  size  range  of  Schaubeumys  grangeri, 
but  that  the  M3  (SDSM  62269)  of  Plesiosminthus  sp.  B was  larger  than 
any  M3  of  S.  grangeri.  According  to  the  measurements  given  for  Ple- 
siosminthus sp.  B (Green,  1971:  489)  and  S.  grangeri  (Green,  1977: 
1000),  however,  only  the  M3  of  Plesiosminthus  sp.  B is  within  the  size 
range  of  S.  grangeri.  The  M2  of  Plesiosminthus  sp.  B is  just  slightly 
smaller  than  any  M2s  of  S.  grangeri,  and  the  Mx  is  longer  than  any 
specimen  of  S.  grangeri  recorded,  though  the  posterior  width  of  this 
tooth  is  comparable  with  Mxs  of  S.  grangeri.  A remeasurement  of  the 
Mj  from  the  Mission  fauna  (SDSM  6862)  has  yielded  an  anteroposterior 
length  of  1.48  mm,  well  within  the  size  range  of  S.  grangeri  and  com- 
patible with  the  figure  of  the  specimen  (Green,  1971:  Text-fig.  3e).  The 
anterior  width  of  the  tooth  is  0.77  mm,  less  than  any  other  recorded 
specimen  of  S.  grangeri  (Green,  1977). 

SDSM  6862  is  clearly  referrable  to  Schaubeumys  because  of  the 
relatively  large  mesoconid  and  the  anteriorly  directed  connection  of 
the  ectolophid  with  the  metalophid.  Due  to  the  small  sample  of  this 
Clarendonian  form,  it  cannot  definitely  be  assigned  to  any  species,  but 
may  prove  to  be  referrable  to  S.  grangeri  when  a better  sample  is 
known. 

Plesiosminthus  geringensis  from  the  early  Arikareean  Gering  For- 
mation of  Nebraska  was  differentiated  from  P.  clivosus  on  the  basis 
of  larger  size  and  the  relative  proportions  of  Mi  (L.  D.  Martin,  1974). 
However,  the  measurements  of  P.  geringensis  given  by  Martin  (1974: 
10)  are  within  the  range  of  those  given  for  P.  clivosus  (R.  W.  Wilson, 
1960:  82;  I.  E.  Martin,  1976:  93).  The  elongation  of  Mj  and  relative 
width  of  the  talonid  of  this  tooth  in  P.  geringensis,  although  cited  as 
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distinct  from  that  of  P.  clivosus  (L.  D.  Martin,  1974),  are  virtually 
identical  to  that  of  the  latter  species.  Because  there  are  no  characters 
in  P.  geringensis  to  distinguish  it  from  P.  clivosus,  it  should  be  con- 
sidered a junior  synonym  of  P.  clivosus. 

Green  (1977)  referred  nine  specimens  from  the  Barstovian  of  South 
Dakota  to  Plesiosminthus  sp.  A.  He  described  this  form  as  larger  than 
S.  grangeri  and  slightly  smaller  than  ? Plesiosminthus  sp.  (here  re- 
ferred to  S.  grangeri ) from  Norden  Bridge  (Klingener,  1966),  but  con- 
sidered Plesiosminthus  sp.  A the  same  species  as  the  Norden  Bridge 
specimens.  The  measurements  given  by  Green  (1977:1005)  for  Ple- 
siosminthus sp.  A,  however,  are  distinctly  larger  than  those  taken  from 
Klingener  (1966:  Fig.  2)  and  listed  by  Storer  (1975:89)  for  the  Norden 
Bridge  specimens.  Three  of  the  specimens  of  Plesiosminthus  sp.  A are 
slightly  larger  than  Schaubeumys  grangeri  (Green,  1977).  Other  spec- 
imens referred  to  Plesiosminthus  sp.  A by  Green  (1977)  from  the  Bar- 
stovian localities  in  South  Dakota  are  within  the  size  range  of  S.  gran- 
geri and  most  likely  represent  that  species.  The  larger  specimens  may 
represent  a different  species  of  Schaubeumys  or  Plesiosminthus. 

One  specimen  of  Plesiosminthus  sp.  A (SDSM  8014),  an  M3,  is 
markedly  larger  than  any  M3  of  S.  grangeri.  This  tooth  more  closely 
resembles  an  M3  of  Megasminthus  rather  than  Plesiosminthus  or 
Schaubeumys  ( contra  Green,  1977).  SDSM  8014  is  comparable  in  size 
to  M.  gladiofex  and  was  recovered  from  the  type  locality  of  this 
species  (Locality  V-733),  and  should  be  referred  to  it. 

In  all,  four  species  of  Schaubeumys  (S.  grangeri,  S.  sabrae,  S. 
galbreathi,  Schaubeumys  sp.  B),  one  species  of  Plesiosminthus  (P. 
clivosus ),  and  Plesiosminthus  or  Schaubeumys  sp.  A are  recognized 
here  from  the  Tertiary  of  North  America.  The  occurrences  of  these 
species  are  summarized  in  Table  4. 

Subfamily  Zapodinae 
Megasminthus  Klingener,  1966 
Megasminthus  tiheni  Klingener,  1966 
Figs.  4-6,  Table  5 

Referred  material.— UNSM  46799-46806,  51976,  53161-53176,  53178-53186,  56362, 
and  56364-56374;  all  specimens  whole  or  partial  maxilla  and  mandibles  with  teeth  and 
isolated  teeth. 

Discussion. — The  Kx  110  sample  of  M.  tiheni  differs  little  from  the 
material  from  the  type  locality,  Norden  Bridge  (Klingener,  1966).  The 
only  character  present  in  the  Kx  110  specimens  not  reported  in  other 
samples  of  this  species  (Klingener,  1966;  Storer,  1975;  Green,  1977)  is 
the  occasional  lack  of  the  ectostylid  (“gegensporn”  of  Klingener,  1966; 
Storer,  1975)  on  M1?  shown  by  UNSM  53180  and  UNSM  53185.  The 
absence  of  this  cusp  is  not  unexpected  in  view  of  the  variability  of  the 
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Table  4.~ -Occurrences  of  species  of  Schaubeumys  and  Plesiosminthus  in  North  Amer- 
ica. 


Schaubeumys  grangeri  Wood,  1935 

Arikareean 

Monroe  Creek  Formation,  South  Dakota  (Macdonald,  1972;  Green,  1977) 

Harrison  Formation,  South  Dakota  (Green,  1977) 

Hemingfordian 

Rosebud  Formation,  South  Dakota  (Wood,  1935;  Green,  1977) 

Batesland  Formation,  South  Dakota  (3.  E.  Martin,  1976;  Green,  1977) 

Barstovian 

Valentine  Formation,  Nebraska  (Klingener,  1966;  this  paper) 

Wood  Mountain  Formation,  Saskatchewan  (Storer,  1975) 

“Fort  Randall’’  Formation,  South  Dakota  (Green,  1977) 

Schaubeumys  galbreathi  (R.  W,  Wilson,  1960;  possibly  =S.  grangeri ) 
Hemingfordian 

Pawnee  Creek  Formation,  Colorado  (R.  W.  Wilson,  1960) 

Schaubeumys  sp.  B (possibly  =S.  grangeri ) 

Clarendonian 

Thin  Elk  Formation,  South  Dakota  (Green,  1971,  1977) 

Schaubeumys  sabrae  Black,  1958 

Hemingfordian 

Split  Rock  Formation,  Wyoming  (Black,  1958;  Sutton,  1972) 

Plesiosminthus  or  Schaubeumys  sp.  A 

Barstovian 

Valentine  Formation,  South  Dakota  (Green,  1977) 

Plesiosminthus  clivosus  Galbreath,  1953  (=P.  geringensis  L.  D.  Martin,  1974) 
Arikareean 

Gering  Formation,  Nebraska  (L.  D.  Martin,  1974) 

Hemingfordian 

Rosebud  Formation,  South  Dakota  (Green,  1977) 

Batesland  Formation,  South  Dakota  (I.  E.  Martin,  1976;  Green,  1977) 

Pawnee  Creek  Formation,  Colorado  (Galbreath,  1953;  R.  W.  Wilson,  1960) 


associated  ectostylid  crest,  which  ranges  from  very  strong  to  absent 
(Storer,  1975;  Green,  1977).  In  the  Kx  110  sample  of  M.  tiheni,  about 
50%  of  the  MjS  possess  an  ectostylid  with  no  ectostylid  crest  (Fig.  4a). 

P4  is  variable  in  size  and  morphology.  In  most  specimens  it  consists 
of  three  cusps,  a central  anterior  cusp  and  two  smaller  posterior  cusps. 
The  number  of  cusps  varies  from  two  to  three.  Where  the  posterior 


1 mm 


1 mm 

Fig.  4. — Megasminthus  tiheni  from  UNSM  locality  Kx  110.  A)  UNSM  56374,  occlusal 
view,  LMrM3;  B)  lateral  view  of  same  specimen.  Scale  below  each  figure  equals  1 mm. 


cusps  are  missing,  they  are  replaced  by  a low  ridge  which  encircles  a 
small  central  basin. 

The  position  of  the  posterior  edge  of  the  incisive  foramina  in  the 
palate  is  variable  in  this  sample  of  M.  tiheni.  It  ranges  from  the  anterior 
to  the  posterior  margin  of  P4  (Figs.  5,  6),  as  it  does  in  species  of 
Plesiosminthus  (Engesser,  1979). 

There  is  little  difference  in  size  between  the  Kx  110  sample  of  M. 
tiheni  and  the  samples  from  Saskatchewan  (Storer,  1975),  Norden 
Bridge  (Klingener,  1966),  and  South  Dakota  (Green,  1977).  Mean  mea- 
surements of  some  dental  dimensions  from  these  localities  vary  slight- 
ly, but  the  size  ranges  overlap  a great  deal. 

One  specimen  referred  to  M.  tiheni  from  the  Valentine  Formation 
of  South  Dakota,  SDSM  8010,  is  a palate  containing  I^-M3  on  both 
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1 mm 

Fig.  5—Megasminthus  tiheni,  UNSM  56374,  LP-M3. 

sides.  All  of  the  teeth  of  SDSM  8010  have  a greater  transverse  width 
than  the  largest  specimen  of  M.  tiheni  recorded  elsewhere  (Klingener, 
1966;  Storer,  1975;  Green,  1977;  Table  5).  The  right  M1  and  both  M2s 
of  SDSM  8010  have  a complete  endoloph  which  runs  from  the  meso- 
cone  to  the  anterocone  across  the  anterior  valley.  No  other  reported 
specimen  of  M.  tiheni  possesses  a complete  endoloph  on  the  upper 
molars.  The  endoloph  in  the  upper  molars  of  Schaubeumys  and  Mega- 
sminthus  gladiofex  runs  from  the  mesocone  to  the  protocone,  unlike 
that  of  SDSM  8010.  Presently,  SDSM  8010  should  be  considered  as 
possibly  distinct  from  M.  tiheni  and  referred  to  Megasminthus  sp. 
until  more  specimens  from  the  type  locality  allow  specific  identifica- 
tion. 

Summary 

The  presence  of  Schaubeumys  grangeri  in  the  fauna  from  Kx  110 
does  not  aid  in  the  age  determination  of  this  fauna,  because  this  species 
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Table  5. — Dental  measurements  of  Megasminthus  tiheni  from  UNSM  Locality  Kx  1 10. 
Measurements  in  millimeters. 


Teeth  and 
measurements 

N 

M 

SD 

OR 

CV 

P*-M3 

2 

5.42 

— 

5.32-5.52 

— 

P4  A-P 

7 

0.68 

.11 

0.56-0.86 

16.2 

tra 

7 

0.88 

.08 

0.75-1.00 

8.9 

M1  A-P 

14 

1.90 

.09 

1.75-2.12 

4.8 

tra 

12 

1.91 

.13 

1.63-2.09 

6.6 

trp 

12 

1.79 

.12 

1.50-1.73 

6.9 

M2  A-P 

8 

1.63 

.06 

1.55-1.71 

3.5 

tra 

8 

1.81 

.08 

1.69-1.90 

4.4 

trp 

8 

1.65 

.08 

1.50-1.73 

4.8 

M3  A-P 

4 

1.19 

.06 

1.11-1.25 

5.0 

tra 

4 

1.54 

.08 

1.47-1.64 

4.9 

trp 

4 

1.36 

.08 

1.25-1.44 

5.9 

MrM3 

7 

5.41 

.10 

5.29-5.53 

1.8 

Mj  A-P 

19 

1.96 

.09 

1.79-2.11 

4.6 

tra 

21 

1.23 

.08 

1.04-1.38 

6.8 

trp 

22 

1.49 

.07 

1.38-1.58 

4.6 

M2  A-P 

20 

1.84 

.07 

1.71-1.97 

3.8 

tra 

19 

1.58 

.07 

1.44-1.72 

4.6 

trp 

19 

1.57 

.06 

1.45-1.69 

4.0 

M3  A-P 

11 

1.60 

.09 

1.42-1.74 

5.9 

tra 

10 

1.45 

.11 

1.27-1.59 

7.6 

trp 

10 

1.28 

.09 

1.11-1.38 

7.4 

ranges  from  the  Arikareean  to  possibly  Clarendonian  (Table  4).  The 
cricetid  Copemys  kelloggae  is  known  only  from  the  Valentine  For- 
mation of  Nebraska  (Hoffmeister,  1959;  Klingener,  1968).  C.  kelloggae 
canadensis  is  from  the  late  Barstovian  Wood  Mountain  Formation  of 
Saskatchewan  (Storer,  1975),  but  differs  at  least  subspecifically  from 
the  Nebraska  species,  which  may  make  a questionable  correlation 
based  on  these  forms. 

Megasminthus  tiheni  is  known  from  the  late  Barstovian  of  South 
Dakota  (Green,  1977)  and  Canada  (Storer,  1975),  as  well  as  the  Norden 
Bridge  fauna  (Klingener,  1966),  and  is  perhaps  the  best  indicator  of 
the  age  of  the  fauna  from  Kx  110. 

Combined  with  the  geomyoids  identified  from  Annie’s  Geese  Cross 
Quarry  ( Perognathus  furlongi,  P.  trojectioansrum,  Cupidinimus  ne- 
braskensis,  “ Diprionomys ” agrarius,  and  Lignimus  cf.  L.  hibbardi, 
see  Korth,  1979/?),  the  cricetid  and  zapodid  rodents  support  a late 
Barstovian  age  for  the  lowest  member  of  the  Valentine  Formation. 
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A 
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C 


O 


5 mm 


Fig.  6. — The  position  of  the  incisive  foramen  with  respect  to  P4  in  Megasminthus  tiheni 
from  UNSM  locality  Kx  110.  x equals  level  of  posterior  margin  of  the  incisive  foramen. 
A)  UNSM  46806;  B)  UNSM  56364;  C)  UNSM  53167. 


However,  a final  decision  on  the  age  of  the  Crookston  Bridge  Member 
of  the  Valentine  Formation  and  the  validity  of  the  “Valentinian”  land 
mammal  age  (Schultz  et  al.,  1970)  should  await  a complete  faunal  anal- 
ysis of  Kx  110  and  other  fossil  localities  from  the  Valentine  Formation. 


Drs.  M.  R.  Voorhies  of  the  University  of  Nebraska  State  Museum,  M.  Green  of  the 
South  Dakota  School  of  Mines,  P.  D.  Gingerich  of  the  University  of  Michigan,  and  L. 
Martin  of  the  University  of  Kansas  Museum  of  Natural  History  graciously  provided 
specimens  from  their  respective  institutions  for  this  study.  Dr.  J.  Sutton  assisted  the 
author  with  helpful  discussion  on  Miocene  rodents  and  faunal  correlation.  Dr.  M.  R. 
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REVISION  OF  THE  NAKED-TAILED  ARMADILLOS, 
GENUS  CABASSOUS  McMURTRIE 

Ralph  M.  Wetzel1 

Abstract 

Examination  of  most  of  the  specimens,  including  holotypes,  of  Cabas  sous  that  are 
extant  in  the  major  collections  indicates  the  following  taxa  and  distributions:  C.  centralis 
(Miller),  Central  and  South  America  to  northwestern  Venezuela;  C.  unicinctus  unicinc- 
tus  (L.),  east  of  the  Andes  and  north  of  the  Amazon;  C.  u.  squamicaudis  (Lund), 
intergrading  with  C.  u.  unicinctus  along  the  Amazon-Solimoes  and  thence  south  to  the 
Mato  Grosso;  C.  chacoensis,  a new  species  of  the  Gran  Chaco;  C.  tatouay  (Desmarest), 
from  the  southeastern  highlands  of  Brazil  to  Uruguay  and  northeastern  Argentina;  and 
a larger,  extinct  species,  cf.  C.  antiquus  (Lund),  from  the  caverns  of  Minas  Gerais  and 
Sao  Paulo.  The  natural  history  of  the  genus  is  summarized,  lectotypes  of  C.  u.  squam- 
icaudis (Lund)  and  C.  nudicaudis  (Lund)  are  selected,  and  a key  for  identification  of 
the  taxa  is  presented. 

Introduction 

Although  they  have  an  extensive  range  from  Guatemala  to  Uruguay 
and  Argentina,  the  naked-tailed  armadillos,  genus  Cabassous  Mc- 
Murtrie,  have  not  been  commonly  observed  nor  collected.  Their  fos- 
sorial  habits,  second  among  armadillos  only  to  those  of  the  tiny  pichici- 
egos,  genus  Chlamyphorus  Harlan,  have  limited  observations  of  their 
behavior  and  ecology.  Scarcity  of  museum  specimens  and  an  excess 
of  poorly  understood  names  contribute  to  a tangled  taxonomy. 

The  176  specimens  examined  during  this  study  represent  most  with 
collection  data  extant  in  the  major  collections  of  the  world.  Many  of 
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the  specimens  were  not  available  to  previous  investigators.  One  ex- 
ample is  the  excellent  series  collected  by  Venezuelan  mammalogists 
in  1968  during  impoundment  of  the  Rio  Caroni  at  Guri  in  the  state  of 
Bolivar.  One  of  the  more  geographically  balanced  reviews,  based  upon 
examination  of  specimens  from  throughout  most  of  the  range  of  what 
is  now  considered  the  genus  Cabassous,  was  made  over  one  hundred 
years  ago  (Gray,  1873).  Most  subsequent  taxonomic  studies  have  not 
made  use  of  specimens  available  from  throughout  the  range  of  the 
genus.  Miller  (1899)  reviewed  the  smaller  species,  but  focused  most  of 
his  attention  upon  specimens  from  the  northern  part  of  the  generic 
range.  During  the  second  quarter  of  this  century  Cabassous  received 
taxonomic  attention  in  papers  by  Jose  Yepes  for  Argentina  and  C.  da 
Cunha  Vieira  for  Brazil.  The  helpful  study  of  Dasypodidae  by  Frech- 
kop  and  Yepes  (1949)  was  restricted  in  the  case  of  Cabassous  to  the 
southeastern  portion  of  its  range  in  southern  Brazil  and  northern  Ar- 
gentina and  reported  on  only  one  species  and  five  specimens.  Moeller 
(1968)  considered  the  length-breadth  relationships  of  the  crania  of  Da- 
sypodidae. She  did  not  attempt  to  define  the  species  of  Cabassous 
other  than  showing  a group  of  large  and  a group  of  small  members  of 
the  genus. 


Procedures 

All  measurements  and,  excepting  a few  cases  which  are  noted,  all  conclusions  on 
distribution  were  based  upon  my  examination  of  wild-captured  specimens.  Weights  and 
external  measurements  were  taken  from  specimen  labels  and  are  presumed  to  have  been 
taken  from  the  newly  killed  animals.  Each  field  collector  has  some  differences  in  his 
methods  and  accuracy.  Aside  from  such  unavoidable  variation,  I have  endeavored  to 
standardize  the  measurements  by  using  only  length  of  hindfoot  that  obviously  included 
the  longest  claw  and  the  length  of  ear  from  notch,  not  crown.  Length  of  head  plus  body 
was  either  obtained  as  such  from  the  specimen  label  or  by  subtracting  the  tail  from  the 
total  length,  a methodology  that  introduced  some  additional  variance  in  the  data  that  I 
assembled. 

Although  a number  of  carapace  characters  were  tallied,  most  showed  considerable 
variation.  This  was  probably  because  of  individual  variation,  the  method,  and  my  own 
difficulty  in  maintaining  consistency,  particularly  so  for  scales  on  the  cephalic  shield. 
Counts  of  the  scales  or  scutes  of  the  cephalic  shield  were  restricted  to  those  scales  with 
maximal  diameters  of  2 mm  or  more.  Although  the  entire  carapace  is  flexible,  the  term 
“movable  band”  is  restricted  to  those  bands  not  fused  to  adjacent  bands  or  shield. 
Counts  of  the  scutes  of  movable  bands  is  sometimes  greater  for  immatures  than  for 
adults  where  one  or  two  bands  may  fuse  at  midline  to  the  adjacent  shield.  Consequently, 
counts  of  movable  bands  were  restricted  to  young  adults  and  adults  and  were  made 
along  the  middorsal  line. 

All  specimens  were  assigned  to  one  of  four  arbitrary  age  classes  based  upon  the  degree 
of  closure  of  cranial  sutures.  After  the  stage  of  fusion  between  the  basioccipital  and 
basisphenoid  had  been  reached,  no  significant  differences  assignable  to  age  were  found 
within  any  regional  sample.  All  statistical  comparisons  were  based  upon  specimens 
displaying  this  degree  or  more  of  suture  closure.  Because  of  the  very  small  number  of 
specimens  identified  by  sex,  differences  due  to  sex  were  not  tested.  The  position  of 
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male  and  female  specimens  in  the  canonical  analyses,  however,  clearly  showed  that  any 
variation  due  to  sex  was  less  than  that  caused  by  geographical  and  taxonomic  differ- 
ences. 

Because  of  some  bilateral  asymmetry,  teeth  or  their  alveoli  were  counted  for  both 
right  and  left  toothrows.  Measurements  of  length  (anteroposterior  diameter)  and  width 
(transverse  diameter)  of  the  teeth  were  taken  as  maximal  diameters  at  the  alveoli.  Mea- 
surements of  alveolar  diameters  were  substituted  where  critical  teeth  were  missing  in 
both  left  and  right  toothrows.  In  certain  adult  specimens  small,  extra  teeth  occurred  on 
the  anterior  or  posterior  margins  of  the  toothrows;  these  were  not  included  in  the  tooth 
counts  reported  here. 

All  measurements  are  in  millimeters.  Those  of  the  teeth  and  crania  were  made  with 
dial  calipers  to  0.1  mm.  Of  24  cranial  measurements,  nine  plus  two  derivatives  were 
selected  on  the  basis  of  consistent  availability.  Symbols  used  for  these  dimensions  and 
definitions  for  certain  of  the  less  standardized  follow:  interorbital  width  (10);  interlacri- 
mal  width  (LW);  mastoidal  width  (MW);  zygomatic  width  (ZW). 

Condylonasal  length  (CNL).— Distance  from  most  posterior  faces  of  occipital  con- 
dyles to  most  anterior  tips  of  nasal  bones. 

Palatal  length  (PL).— Midline  length  of  hard  palate. 

Palatal  width  (PW).— Width  of  palate  between  alveoli  of  last  molars. 

Anterior  rostral  width  (ARW).— Taken  with  the  anterior  flat  face  of  the  calipers  at  the 
level  of  the  most  posterior  lateral  indentation  of  the  anterior  part  of  the  maxilla. 

Height  of  cranium  (HC).— Maximal  height  of  brain  case  at  the  parietais  from  the 
ventral  tip  of  the  hamular  processes  of  the  pterygoids  at  right  angles  to  the  maxillary 
toothrow. 

Rostral  length,  adjusted  (RLa).— Distance  along  midline  of  rostrum  from  a line 
through  lacrimal  foramina  to  tip  of  nasal  bones.  RLa  is  derived  as  the  altitude  of  a 
triangle  in  which  rostral  length  (diagonal  length  from  lacrimal  foramen  to  tip  of  nasal 
bone)  is  the  hypotenuse  and  one-half  the  distance  between  the  lacrimal  foramina  (LW) 
is  the  base. 

Postrostral  length  (PRL).—  Midline  distance  from  a line  through  the  lacrimal  foramina 
to  a line  across  the  posterior  margin  of  the  occipital  condyles.  PRL  is  derived  as  the 
difference  between  CNL  and  RLa. 

The  canonical  analyses  were  performed  at  the  University  of  Connecticut  Computer 
Center  using  Program  BMD  07M,  a stepwise  discriminant  analysis,  revised  10  April 
1972,  Health  Sciences  Computing  Facility,  University  of  California  at  Los  Angeles.  To 
reduce  the  problems  of  bias  because  of  small  groups,  no  grouping  by  species  or  sus- 
pected species  was  attempted  where  the  number  of  cases  was  less  than  the  number  of 
variables.  The  following  symbols,  in  addition  to  the  foregoing  for  cranial  dimensions, 
are  used  in  the  tables  and  elsewhere:  M = mean;  SD  = standard  deviation  of  sample; 
OR  = observed  range;  N = number  in  sample. 

Source  of  specimens  .—The  following  institutions,  with  identifying  symbols  and  cu- 
rators at  the  time  of  study,  permitted  my  examination  of  specimens. 

AMNH— American  Museum  of  Natural  History,  New  York;  S.  Anderson,  R.  G.  Van 
Gelder. 

ANSP— Academy  of  Natural  Sciences  of  Philadelphia;  R.  D.  Estes. 

BMNH— British  Museum  (Natural  History),  London;  I.  R.  Bishop,  I.  Clutton-Brock, 
G.  B.  Corbet,  I.  I.  Hooker. 

CM— Carnegie  Museum  of  Natural  History,  Pittsburgh;  J.  K.  Doutt,  D.  A.  Sc  blit- 
ter. 

CONN— University  of  Connecticut  Museum  of  Natural  History,  Storrs;  R.  E.  Du- 
bes. 

FMNH— Field  Museum  of  Natural  History,  Chicago;  P.  W.  Freeman,  P.  Hershkov- 
itz,  I.  C.  Moore. 
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GORGAS — Gorgas  Memorial  Laboratory,  Dept.  Zoology,  Panama  City;  E.  Mendez. 

ICN— Institute  de  Ciencias  Naturales,  Universidad  de  Colombia,  Bogota;  E.  Bar- 
riga. 

KB — K.  Benirschke,  private  collection,  San  Diego. 

KU — University  of  Kansas,  Museum  of  Natural  History,  Lawrence;  R.  S.  Hoff- 
mann. 

LACM — Los  Angeles  County  Museum  of  Natural  History;  D.  R.  Patten. 

MACN — Museo  Argentino  de  Ciencias  Naturales  “Bernardino  Rivadavia,”  Buenos 
Aires;  J.  A.  Crespo. 

MBUCV — Museo  de  Biologia,  Instituto  de  Zoologia  Tropical,  Universidad  Central  de 
Venezuela,  Caracas;  E.  Mondolfi,  O.  A.  Reig. 

MCZ— Museum  of  Comparative  Zoology,  Harvard  University,  Cambridge;  B. 
Lawrence,  M.  E.  Rutzmoser. 

MEBRG — Estacion  Biologica  de  Rancho  Grande,  Parque  Nacional  “Henry  Pittier,” 
Maracay;  G.  Medina  P. 

MN — Museu  Nacional,  Universidade  Federal  do  Rio  de  Janeiro;  F.  D.  de  Avila- 
Pires,  J.  Moojen. 

MPEG — Museu  Paraense  “Emilio  Goeldi,”  Belem;  F.  C.  Novaes. 

MSU — The  Museum,  Michigan  State  University,  East  Lansing;  R.  H.  Baker. 

MVZ — Museum  of  Vertebrate  Zoology,  University  of  California,  Berkeley;  J.  L. 
Patton. 

MZ — Museo  Zoologico  Universidad  Nacional  de  Asuncion,  Agronomia  y Veter- 
inaria,  San  Lorenzo;  F.  H.  Schade,  F.  J.  Schade. 

MZUM — Museum  of  Zoology,  The  University  of  Michigan,  Ann  Arbor;  E.  T.  Hoop- 
er, P.  Myers. 

MZUSP — Museu  de  Zoologia  da  Universidade  de  Sao  Paulo;  P.  E.  Vanzolini. 

MZUV — Musee  Zoologique  de  FUniversite  et  de  la  Ville,  Strasbourg;  F.  Gouin. 

NHMB — Naturhistorisches  Museum  Basel;  U.  Rahm. 

NMBE— Naturhistorisches  Museum  Bern;  P.  Liips. 

NMV — Naturhistorisches  Museum,  Vienna;  K.  Bauer. 

ROM— Royal  Ontario  Museum,  University  of  Toronto,  Toronto;  R.  L.  Peterson. 

SMN — Staatliches  Museum  fiir  Naturkunde,  Stuttgart;  F.  Dieterlen. 

TCWC— Texas  Cooperative  Wildlife  Collection,  Dept.  Wildlife  Sciences,  Texas  A 
& M University,  College  Station;  D.  C.  Carter. 

USNM — National  Museum  of  Natural  History,  Smithsonian  Institution,  Washington, 
D.C.;  C.  O.  Handley,  Jr.,  R.  W.  Thorington,  Jr.,  H.  W.  Setzer. 

ZFMK — Zoologisches  Forschungsinstitut  und  Museum  Alexander  Koenig,  Bonn;  R. 
Hutterer. 

ZMB— Zoologisches  Museum,  Museum  fiir  Naturkunde  der  Humboldt-Universitat 
zu  Berlin;  R.  Angermann. 

ZMUC— Universitets  Zoologiske  Museum,  Copenhagen;  F.  W.  Braestrup,  H.  F. 
Baagpe. 

ZSM— Zoologisches  Sammlung  des  Bayerischen  Staates,  Munich;  T.  Haltenorth, 
G.  Heidemann. 

Unless  otherwise  noted,  the  U.S.  Board  of  Geographic  Names  (USBGN)  gazetteers 
have  been  used  as  the  prime  source  of  coordinates  for  the  provenances  of  specimens 
examined. 

The  following  list  of  synonyms  is  incomplete.  I have  attempted  to  include  the  names 
that  could  be  identified,  whether  from  description,  measurements,  geographical  range, 
or  reference,  in  the  original  source.  Conversely,  no  attempt  has  been  made  to  include 
the  numerous  names  of  uncertain  relevance  to  the  species  used  in  this  study.  Holotypes 
are  cited  if  they  were  examined.  It  will  be  noted  that  two  dates  of  publication  are  cited 
for  P.  W.  Lund’s  Blik  paa  Brasiliens  Dyreverden  . . . 1841-1846  (1839-1845).  The  sec- 
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ond  and  earlier  date,  in  parentheses,  is  that  given  by  Woodward  (1910:1193)  for  the  first 
appearance  of  the  work  as  a “repaged  preprint”  which  I did  not  examine. 
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fossil  specimens,  to  M.  Hubbard  and  her  staff  who  prepared  the  figures,  and  especially 
to  D.  S.  Wetzel  for  her  help  and  patience  with  this  study  and  manuscript. 

Genus  Cabassous  McMurtrie 

Type-species . — Dasypus  unicinctus  L.,  McMurtrie  (1831: 164)  for 
Cabassous  as  a subgenus  of  Dasypus  L. 

Range  .—Recent— Central  and  South  America  from  Guatemala  and 
Honduras  to  northern  Argentina  and  Uruguay  (see  species  and  sub- 
species accounts  and  map,  Fig.  1).  Fossil— This  is  equivocal  due  to 
the  mix  of  fossil  and  Recent  materials  from  the  caverns  of  Brazil, 
Minas  Gerais,  valley  of  Rio  Velhas,  reported  by  P.  W.  Lund  and  oth- 
ers. Paula  Couto  (1979:222)  considered  that  Cabassous  tatouay  Des- 
marest  (Paula  Couto’ s C.  unicinctus)  represented  in  that  cavern  ma- 
terial, spanned  the  Pleistocene  and  Recent,  while  a second  species,  C. 
squamicaudis  (Lund),  was  extinct.  As  I find  the  latter  to  be  indistin- 
guishable from  an  extant  species  still  in  that  area,  these  two  Recent 
species  may  be  represented  also  in  the  Upper  Pleistocene.  In  any  case, 
the  specimens  that  I have  examined  from  the  caves  of  Minas  Gerais, 
as  well  as  from  Onga  Parda,  Sao  Paulo,  are  referable  to  extant  species, 
with  one  exception — BMNH  18881 , a left  tibia-fibula  from  the  6 ‘caverns 
of  Minas  Gerais,”  is  larger  than  that  of  the  largest  Recent  species,  C. 
tatouay.  A left  humerus  from  a cave  in  the  area  of  Iporanga,  Sao 
Paulo,  was  shown  by  Ameghino  (1907: Fig.  4)  to  be  longer  than  that  of 
C.  tatouay.  Both  the  BMNH  specimen  and  that  reported  by  Ameghino 
indicate  that  a larger  species  or  subspecies  of  Cabassous  once  existed 
in  the  highlands  of  southeastern  Brazil.  Cattoi’s  (1966:80)  and  Paula 
Couto’ s (1979:222)  statements  that  the  genus  dates  from  the  Pleisto- 
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Fig.  1. — Distribution  of  naked-tailed  armadillos,  genus  Cabassous.  Type  locality  for 
each  taxa  is  designated  by  a large  open  circle.  Range  of  taxa  and  provenance  of  speci- 
mens examined:  Cabassous  centralis and  O (Type  locality,  Honduras,  Cortes, 

Chamelecon).  C.  unicinctus  — ; C.  u.  unicinctus  • (Type  locality,  Surinam);  C.  u. 
squamicaudis  half  solid  circles  (Type  locality,  Brazil,  Minas  Gerais,  Lagoa  Santa).  C. 


chacoensis and  ■ (Type  locality,  Paraguay,  Presidente  Hayes,  Juan  de  Zalazar). 

C.  tatouay  and  □ (Type  locality,  Brazil,  Minas  Gerais,  Lago  Santa,  same  as  for 


C.  u.  squamicaudis ).  From  literature:  1 = Ximenez  et  al.,  1972,  C.  tatouay,  Uruguay. 
2 = Moeller,  1968,  C.  tatouay  (as  C.  unicinctus ),  Argentina,  prov.  Buenos  Aires. 


cene  seem  reasonable  and  can  be  supported  for  Brazil,  although  not 
yet  (G.  J.  S.  Yane,  personal  communication)  for  Argentina. 

External  characters. — Tail  lacking  a complete  armor  of  bony  scutes; 
the  rounded  tail  may  be  unarmored,  totally  lacking  scutes,  or  partially 


Table  1. — Cranial  and  external  measurements  (in  mm)  of  adult  Cabassous.  For  each  measurement , M and  SD  are  on  the  first  line, 

OR  and  N on  the  second  line.  See  Fig.  1 for  distribution. 
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armored  with  scattered,  small  scutes  and  scales.  Forefoot  with  five 
digits,  large  claws  on  the  third,  fourth,  and  fifth  digits  particularly 
broad  and  scimitar-shaped,  and  the  claw  on  the  first  digit  long  and 
very  slender;  hindfoot  with  five  digits,  claws  blunt,  the  third  claw 
longest;  edges  of  toes  and  medial  side  of  feet  flanked  with  single  line 
of  strong  bristles.  Snout  rounded,  blunt;  nostrils  guarded  by  line  of 
bristles;  cephalic  scutes  irregular  and  relatively  large;  pinna  funnel- 
shaped  from  ventral  notch,  the  funnel  varying  from  a large  flare  for 
most  of  the  genus  to  a very  short,  fleshy  stub  in  the  Chacoan  species, 
but  in  all  cases  capable  of  being  folded  flat,  closing  the  external  au- 
ditory meatus.  Carapace  ovoid,  dome-shaped,  quite  flexible,  with  nu- 
merous, narrow  transverse  bands,  including  11-14  movable  bands  (M 
12.3,  SD  0.7,  N 33).  For  measurements  of  species  see  Table  1. 

Skull  and  teeth. — Frontal  bone  with  dome-like  expansion;  rostrum 
short;  tympanic  ring  present;  infraorbital  canal  elongate,  the  distance 
between  lacrimal  foramen  and  anterior  opening  of  infraorbital  foramen 
equal  to  one-quarter  to  one-third  of  rostral  length;  mandible  with  body 
slender  and  condyloid  (articular)  process  higher  than  coronoid  process; 
teeth  peg-shaped  and  varying  among  the  species  in  cross-sectional  out- 
line from  circular  to  ovoid  in  either  the  anteroposterior  or  transverse 
axes,  nine  maxillary  pairs  and  eight  mandibular  pairs  in  adults  (OR  7- 
10/8-9,  N 97/93). 

Vertebral  counts.—  The  number  of  vertebrae  of  11  specimens  were 
not  sufficiently  complete  in  all  regions  to  be  adequate  for  comparison 
of  the  species  involved  (C.  centralis,  C.  unicinctus,  and  C.  tatouay ): 
cervical  7;  thoracic  (dorsals)  12  (OR  12-13);  lumbar  3 (OR  3-4);  sacral 
10  (OR  9-11);  caudal  18  (OR  15-20). 

Chromosomes. — Benirschke  et  al.  (1969)  found  three  specimens 
(KB)  of  Cabassous  centralis  from  Colombia  to  have  2N  = 62  (14  meta- 
centrics  and  submetacentrics,  46  acrocentrics,  plus  submetacentric  X 
and  minute  metacentric  Y). 

Placenta.—  Haemochorial,  discoidal  (Starck  1959:190,  Abb.  122). 

Comparisons. — The  members  of  this  genus,  alone  among  armadil- 
los, lack  a complete  armor  of  scutes  on  the  tail.  Cabassous,  as  well 
as  Priodontes,  Dasypus,  and  Tolypeutes,  has  a tympanic  ring,  but 
tympanic  bullae  are  found  in  Euphractus,  Chaetophractus,  Zaedyus, 
and  Chlamyphorus  (including  Burmeisteria).  Both  Cabassous  and  To- 
lypeutes have  rounded  ears  that  can  be  folded  in  half.  Cabassous  also 
shares  with  Priodontes  the  following:  a rounded,  blunt  snout;  rounded 
ears;  ovoid,  dome-shaped,  flexible  carapace  with  numerous,  narrow 
transverse  bands,  including  11  to  14  that  are  not  fused  to  each  other; 
three  short  rows  of  nuchal  scutes;  sparse  hair;  large,  scimitar-shaped 
foreclaws,  the  longest  on  the  third  digit;  distinct,  dome-like,  paired 
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expansions  on  frontals;  elongate  infraorbital  canal;  and  a slender  man- 
dible with  height  of  the  condyloid  process  greater  than  coronoid  pro- 
cess. Cabassous  differs  from  Priodontes  in  having  much  smaller  size, 
tail  incompletely  armored,  headshield  with  relatively  larger  and  less 
numerous  scutes,  pelvic  shield  more  completely  covering  lateral  sur- 
faces of  hindlegs,  rounded  and  fewer  teeth.  Teeth  of  Priodontes  are 
laterally  severely  compressed  and  more  numerous,  with  the  following 
count  from  throughout  its  range  (Wetzel,  1980):  maxillary,  M 17.9,  SD 
1.8,  OR  14-22,  N 38;  mandibular,  M 19.3,  SD  2.0,  OR  16-24,  N 32. 
Despite  the  morphological  similarity  of  Cabassous  and  Priodontes, 
the  characters  separating  them  are  of  such  significance  that  combining 
the  Priodontini  into  a single  genus,  Priodontes,  does  not  seem  war- 
ranted. 

Natural  history.-— The  modest  literature  on  feeding  habits  of  Cabas- 
sous almost  overwhelmingly  implicates  them  as  myrmecophages — - 
feeders  on  ants,  termites,  and  other  arthropods  associated  with  ant  or 
termite  colonies  (summarized  by  Redford,  1980).  Both  Ingles 
(1953:268)  and  C.  O.  Handley  (personal  communication)  observed  C. 
centralis  in  Panama  associated  with  dead  stumps  or  logs  and  near 
termite  nests.  Meritt  (1980)  observed  that  the  feces  of  Cabassous  sp. 
are  “pelleted”  insect  remains  and  soil.  Anthony  Mathews  (1977:265) 
found  the  stomach  of  one  Cabassous  hispidus  (=C.  unicinctus  squam- 
icaudis)  in  the  Mato  Crosso  contained  chiefly  the  workers  and  soldiers 
of  one  termite  species,  Cornitermes  snyderi  Emerson,  with  the  re- 
maining 5%  representing  four  other  species  of  termites  as  well  as  lesser 
numbers  of  other  insects.  That  author  concluded  that  the  Cabassous 
had  probably  obtained  all  the  insects  from  a mound  of  Cornitermes 
snyderi  “which  it  may  be  presumed  to  have  opened  itself.” 

Meritt  found  that  the  burrows  of  Cabassous  have  a strong,  musky 
odor.  Handley  also  commented  on  the  pungent,  musky  odor  released 
by  a female  C.  centralis  in  Panama.  Meritt  was  able  to  identify  the 
entrance  to  the  burrow  as  it  had  nearly  the  cross-sectional  shape  of 
the  Cabassous  inhabiting  the  burrow.  In  the  field  in  Panama  and  Par- 
aguay he  recorded  the  core  body  temperature  of  “several  examples” 
of  Cabassous  as  33°C  (OR  32-34°)  at  an  ambient  temperature  of  29° 
(personal  communication).  He  also  observed  two  births  of  single  off- 
spring of  C.  centralis  from  Panama.  Both  were  hairless,  with  closed 
eyes  and  pinnae  and  weights  of  100  ($)  and  113  g (9). 

Wetzel  and  Martin  (manuscript)  recorded  the  loud,  grunting  protest 
calls  of  a male  Cabassous  in  the  Chaco  of  Paraguay,  while  noting  that 
the  female  did  not  make  such  calls.  Meritt  (1980)  described  the  protest 
calls  of  Cabassous  sp.  as  like  a “grunting,  snorting  pig.”  Handley 
observed  the  female  C.  centralis  making  some  “low  gurgling  squeals” 
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when  restrained  and  “low  gutteral  growls”  when  recaptured  after 
being  released. 

Both  Gray  (1873)  and  Handley  have  commented  that  Cabassous 
walks  on  the  tips  of  the  front  claws  while  the  hindfeet  are  directed 
inward  as  they  waddle  along.  Cabassous  moves  more  slowly  than 
other  armadillos  I have  observed  in  Paraguay  and  Brazil.  They  are 
more  impressive  when  digging,  disappearing  rather  rapidly  into  the 
soil.  Handley  described  the  C.  centralis  that  he  observed  on  Barro 
Colorado  Island,  Panama,  as  an  “earth  auger,”  rotating  the  sharp  for- 
ward edge  of  its  carapace  about  90°  from  side  to  side.  Ingles  (1953:268) 
observed  the  same  species  swimming  about  50  m from  the  shore  of 
Barro  Colorado  Island. 

Comments. — Aside  from  the  excess  of  names  caused  by  inadequate 
comparative  material,  a major  taxonomic  problem  has  been  lack  of 
agreement  on  identification  of  the  type-species  of  the  genus,  Dasypus 
unicinctus  Linne.  As  this  name  is  also  the  senior  synonym,  all  or  most 
of  the  other  names  used  by  an  author  are  altered  by  his  treatment  of 
Cabassous  unicinctus  (L.).  Gray  (1873),  as  only  one  example,  used 
Xenurus  unicinctus  (L.)  for  a large  species  of  Cabassous  found  well 
south  of  the  Amazon  River.  He  then  erected  new  names,  Ziphila  lu- 
gubris  and  Xenurus  latirostris,  for  two  small  but  widely  distributed 
species.  The  subsequent  confusion  was  compounded,  as  discussed  lat- 
er, by  a probable  error  in  the  provenance  recorded  for  Z.  lugubris.  I 
follow,  as  did  Cabrera  (1958)  and  Husson  (1978),  Thomas’  (1911)  des- 
ignation of  Surinam  as  the  type  locality  for  C.  unicinctus  (L.).  D. 
unicinctus  L.  was  based  upon  Seba  (1734)  and  Seba’s  specimens  were 
probably  from  Surinam,  although  the  former  Dutch  colony  of  Pernam- 
buco, Brazil,  remains  a possibility.  The  comparisons  that  follow  show 
that  C.  unicinctus  is  the  only  species  of  Cabassous  in  South  America 
east  of  the  Andes  and  north  of  the  Amazon  River.  In  part  of  the  south- 
ern segment  of  its  range,  as  C.  unicinctus  squamicaudis  (Lund)  (or  C. 
hispidus  Burmeister,  C.  loricatus  Wagner,  or  other  junior  synonyms), 
it  is  sympatric  with  a second  species  in  the  highlands  of  Brazil,  well 
south  and  west  of  Pernambuco.  The  latter  is  the  largest  species  in  the 
genus,  distinctly  separable  by  size  and  cranial,  dental,  and  shell  char- 
acters. It  was  sufficiently  described  by  Azara  (1801:155)  and  Desma- 
rest  (1803:434)  to  be,  without  doubt,  C.  tatouay  (Desmarest,  1804). 
However,  many  authors,  even  as  late  as  Frechkop  and  Yepes 
(1949:33),  Talmage  and  Buchanan  (1954:77),  Vieira  (1955:403),  Moeller 
(1968:419  and  elsewhere),  Paula  Couto  (1970a :5,  19706:923,  1979:222), 
and  Avila-Pires  (1977:18),  have  assigned  the  name  C.  unicinctus  (L.) 
to  the  large  species  or  to  a melange  of  large  and  small  specimens. 

The  name  Dasypus  multicinctus  Thunberg  (1818:66)  is  not  included 
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in  the  lists  of  synonyms  as  I have  been  unable  to  assign  it  to  a taxon. 
The  measurements,  if  of  an  adult  or  young  adult,  are  clearly  those  of 
one  of  the  small  species  of  Cabassous,  such  as  C.  unicinctus,  and  not 
of  C.  tatouay. 

Key  to  Recent  Taxa  of  Cabassous 

The  following  key  to  skins  and  skulls  of  adult  specimens  of  Recent 
Cabassous  is  modified,  with  augmentation,  from  Wetzel  (1980).  Mea- 
surements are  more  fully  presented  in  Tables  1-3.  Also  see  Compar- 
isons in  the  species  accounts. 

la.  Larger  (head  + body  length  410-490,  CNL  100-123);  palatal  and  rostral 
lengths  both  actually  and  proportionately  longer,  the  medial  posterior 
margin  of  palate  extending  posteriorly  beyond  a line  between  anterior 

margins  of  zygomatic  rami  of  squamosals  Cabassous  tatouay. 

SE  highlands  of  Brazil  through  Uruguay,  SE  Paraguay,  and  NE  Ar- 
gentina (Note:  Also  differs  from  the  only  sympatric  taxon  by  having 
fewer  cephalic  scutes,  M 48.3,  than  C.  u.  squamicaudis,  M.  54.0.) 

lb.  Smaller  (head  + body  length  not  exceeding  350  where  sympatric  with 

C.  tatouay ; CNL  not  exceeding  90);  palatal  and  rostral  lengths  shorter, 
the  posteromedial  margin  of  palate  not  extending  posteriorly  beyond 
anterior  margins  of  zygomatic  rami  of  squamosals  2 

2a.  Smallest  species  (mean  head  + body  length  303,  mean  CNL  69.8, 
interorbital  width  less  than  23);  ear  short  (length  less  than  20)  and 
with  fleshy  anterior  edge;  mandible  distinctly  curved  on  both  dorso- 
ventral  and  mediolateral  axes;  pronounced  compression  of  antero- 
posterior diameters  of  all  but  first  and  last  teeth  (ratio  of  width/length 

of  4th-7th  maxillary  teeth  1.2  to  1.5) Cabassous  chacoensis, 

new  species.  Gran  Chaco — SE  Bolivia,  W Paraguay,  NW  Argentina. 
2b.  Somewhat  larger  species  (mean  head  + body  length  more  than  320, 
mean  CNL  more  than  75,  interorbital  width  more  than  23.5);  ear 
longer  than  25  and  without  thickened  anterior  edge;  mandible  not 
distinctly  curved;  transverse  diameters  of  teeth  usually  less  than  an- 
teroposterior diameters  3 

3a.  Skull  slender  (mean  interorbital  width  24.3,  mean  zygomatic  width 
40.8);  body  and  skull  smaller  than  in  adjacent  population  of  C.  unicinc- 
tus   Cabassous  centralis.  Guatemala  to  Venezuela  west  of  Andes. 

3b.  Skull  broader  (mean  interorbital  26.6,  mean  zygomatic  width  more 
than  42);  body  and  skull  distinctly  larger  than  in  adjacent  C.  cen- 
tralis   Cabassous  unicinctus  ...  4 

4a.  Few  or  no  scales  on  cheek  below  eye,  posterior  face  of  pinna,  or 
on  tail;  fewer  scutes  on  cephalic  shield  (M  34.6);  body  and  cranium 
larger  (mean  length  of  head  4-  body  387,  CNL  85.6)  C.  u. 
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unicinctus.  Venezuela  and  Colombia  east  of  Andes  and  south  to  zone  of 
intergradation  with  C.  u.  squamicaudis  along  Amazon-Solimoes  River. 

4b.  Scales  present  on  cheek  below  eye,  posterior  face  of  pinna,  and  scat- 
tered on  tail;  more  numerous  scutes  on  cephalic  shield  (M  54.0); 
body  and  cranium  smaller  (mean  length  of  head  + body  324,  CNL 
78.1) C.  u.  squami- 

caudis. From  Amazon-Solimoes  River  south  to  Bolivia  (excepting 
the  Chaco),  Mato  Grosso,  Goias,  Sao  Paulo,  and  Minas  Gerais. 


Systematic  Accounts 

Cabassous  chacoensis,  new  species 

Xenurus  gymnurus,  not  of  Olfers,  1818:220,  but  of  LaHille,  1899:204.  Argentina,  Formosa. 
Cabassous  loricatus,  not  of  Wagner,  1855:174-176,  but  of  authors:  Yepes,  1935:411- 
444,  PI.  3 and  1938:57,  in  part  for  Chaco  of  Argentina  and  possibly  some  unspecified 
portion  of  Mato  Grosso  do  Sul  of  Brazil;  Minoprio,  1945:9,  and  possibly  Vieira, 
1955:403,  in  parts  for  northern  Argentina;  Cabrera,  1958:219,  and  Moeller, 
1968:Abb.  9b,  in  parts  for  Gran  Chaco  and  possibly  Mato  Grosso  do  Sul. 

Holotype. — CM  67067,  adult  male,  skull,  skin,  and  fluid-preserved 
carcass,  collected  28  July  1974  in  Paraguay,  Depto.  Presidente  Hayes, 
5-7  km  W Estancia  Juan  de  Zalazar  in  an  area  of  thorn  forest  and 
mixed  grasses;  original  numbers  PWM  247,  CONN  16891. 

Range. — The  Gran  Chaco  (northwestern  Argentina,  western  Para- 
guay, and  southeastern  Bolivia)  and  probably  the  adjoining  state  of 
Mato  Grosso  do  Sul  in  Brazil.  Specimens  presently  known  from  only 
the  Chaco  of  Paraguay,  the  Chaco  Austral  of  Argentina  in  the  prov- 
inces of  Santiago  del  Estero  and  Formosa,  and  possibly  Mato  Grosso 
do  Sul  where  it  adjoins  the  Chaco  Boreal  of  Bolivia  and  Paraguay. 
Map,  Fig.  1. 

Diagnosis. — Pinna  with  fleshy  anterior  edge;  short,  less  than  20  mm 
from  notch,  not  reaching  beyond  first  complete  band  of  scapular  shield 
when  folded  back.  Scales  on  cheek  below  eye  few  and  isolated;  first 
and  second  complete  rows  of  scutes  of  scapular  shield  with  transverse 
width  larger  than  anteroposterior  length;  body  and  cranium  small  (Ta- 
ble 1).  Counts  of  scutes  of  holotype  and  two  paratypes  (CONN  16892, 
adult  male,  and  USNM  531004,  male),  respectively:  cephalic  shield  42, 
34,  40;  first  complete  band  of  scapular  shield  16,  19,  17;  last  band  of 
scapular  shield  23,  26,  27;  third  movable  band  27,  30,  28;  fourth  mov- 
able band  26,  25,  29;  first  band  of  pelvic  shield  24,  26,  25;  last  band  of 
pelvic  shield  5,  6,  7.  Number  of  movable  bands  12,  12,  12.  Skull  with 
rostrum  short;  all  but  first  and  last  teeth  distinctly  compressed  antero- 
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2 cm 


Fig.  2. — Palatal  view  of  crania  of  Cabassous:  a)  C.  centralis,  AMNH  23441,  Colombia, 
Magdalena,  Bonda;  b)  C.  chacoensis,  holotype  CM  67067,  Paraguay,  Presidente  Hayes, 
Juan  de  Zalazar;  c)  C.  unicinctus  squamicaudis,  AMNH  133318,  Brazil,  Goias,  Ana- 
polis;  d)  C.  tatouay,  AMNH  133317,  Brazil,  Goias,  Anapolis. 


posteriorly,  the  anteroposterior  diameters  of  third  to  seventh  maxillary 
and  fifth  and  sixth  mandibular  teeth  not  more  than  91%  and  often  less 
than  67%  of  transverse  widths  (Fig.  2 and  Tables  2,  3).  Toothrow  and 
ramus  of  mandible  distinctly  curved  on  both  dorsoventral  and  medi- 
olateral  axes;  condyloid  process  only  slightly  higher  than  coronoid 
(Fig.  3). 

Comparisons. — Body  and  cranium  smaller  than  in  any  other  species 
of  Cabassous  (Table  1);  ear  strikingly  smaller  than  in  other  species, 
all  of  whose  pinnae  can  be  folded  posteriorly  beyond  the  first  complete 
band  on  scapular  shield;  the  only  species  with  fleshy  expansion  of  the 
anterior  margins  of  the  pinnae.  Differs  from  all  other  species  in  having 
all  but  the  most  anterior  and  posterior  teeth  constricted  anteroposte- 
riorly  rather  than  transversely  (Tables  2,  3,  and  Fig.  4).  The  only 
species  with  body  and  toothrow  of  mandible  curved  on  both  dorsoven- 
tral and  mediolateral  axes.  The  only  species  except  C.  tatouay  with 
coronoid  subequal  to  condyle  in  height.  In  addition  C.  chacoensis  has 
fewer  scutes  on  cephalic  shield  than  the  geographically  adjoining 
species — 38.7,  N 3 versus  C.  u.  squamicaudis  54.0,  SD  5.5,  N 14  and 
C.  tatouay  48.3,  SD  3.7,  N 20.  Other  differences  between  C.  cha- 
coensis and  C.  tatouay , the  largest  species,  are  listed  under  Compar- 
isons for  the  latter. 
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Fig.  3.- — Lateral  and  occlusal  views  of  left  mandibles  of  Cabassous,  same  specimens  as 
in  Fig.  2:  a)  C.  centralis ; b)  C.  chacoensis ; c)  C.  unicinctus  squamicaudis ; d)  C.  tatouay. 


Comments  .—The  only  evidence  of  the  occurrence  of  C.  chacoensis 
in  the  Mato  Grosso  of  Brazil  is  specimen  MACN  4.388  from  the  zoo- 
logical park  of  Buneos  Aires,  whose  skull  is  labeled  “Brasil.”  Yepes 
(1935:444  and  Fig.  3)  listed  this  specimen  as  Cabassous  loricatus,  elab- 
orated its  provenance  as  “Brasil,  Matto  Grosso.  Procedente  del  Jardin 
Zoologico  de  Buenos  Aires,  el  7 de  Abril  de  1904,”  and  provided 
measurements  and  photographs  of  it.  All  other  specimens  that  I ex- 
amined from  Mato  Grosso  or  Mato  Grosso  do  Sul  are  assignable  to 
Cabassous  unicinctus  squamicaudis  (Lund).  Because  it  was  a zoolog- 
ical park  specimen,  MACN  4.388  is  not  included  in  the  measurements 
of  crania  and  teeth  for  this  species. 

Specimens  examined  (8). — Argentina:  Formosa — Ingeniero  Guillermo  N.  Juarez, 
MACN  47.413.  Santiago  del  Estero — -Quimili,  MACN  33.145.  Brazil:  “Mato  Grosso” 
( = Mato  Grosso  do  Sul?)— No  loc.,  MACN  4.388,  see  Comments.  Paraguay:  “Chaco” 
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Table  2. — Length  and  width  of  teeth  in  Cabassous.  For  each  measurement,  M and  SD 
are  on  the  first  line  and  OR  on  the  second  line.  Note  greater  width  of  teeth  in  C. 

chacoensis. 


Tooth  from 
anterior 

Cabassous 
chacoensis 
N = 7 

Cabassous 
unicinctus 
squamicaudis 1 
N = 21 

Cabassous 
unicinctus 
unicinctus1 
N = 12 

Cabassous 
centralis 
N = 14 

Cabassous 
tatouay 
N = 10 

Maxillary  teeth 

4th,  length 

2.6,  0.20 
(2. 4-2. 9) 

2.9,  0.32 
(2. 4-3. 4) 

3.1,  0.31 
(2. 5-3 .4) 

2.9,  0.27 
(2. 4-3. 3) 

3.6,  0.25 
(3. 2-4. 2) 

width 

3.4,  0.12 
(3. 3-3. 5) 

2.6,  0.26 
(2. 0-3.0) 

2.2,  0.23 
(1.9-2. 7) 

2.3,  0.13 
(2. 1-2.6) 

2.8,  0.26 
(2. 4-3. 2) 

5th,  length 

2.7,  0.16 
(2.4-2. 8) 

2.8,  0.31 
(2. 6-3. 7) 

3.2,  0.41 
(2.6-3. 8) 

3.0,  0.26 
(2. 5-3. 4) 

3.7,  0.20 
(3. 2-4.0) 

width 

3.6,  0.20 
(3. 3-3. 9) 

2.8,  0.26 
(2.4-3. 1) 

2.5,  0.16 
(2. 2-2. 7) 

2.6,  0.21 
(2.3-3. 0) 

3.1,  0.21 
(2. 5-3. 4) 

6th,  length 

2.5,  0.28 
(2. 1-2.8) 

2.7,  0.33 
(2.0-3. 5) 

2.9,  0.27 
(2. 4-3. 2) 

2.8,  0.22 
(2.4-3. 2) 

3.6,  0.14 
(3. 5-3.9) 

width 

3.6,  0.38 
(2. 8-4.0) 

2.7,  0.31 
(2. 0-3.0) 

2.6,  0.24 
(2. 2-3.0) 

2.8,  0.22 
(2. 4-3. 2) 

3.3,  0.20 
(3. 1-3.7) 

7th,  length 

2.4,  0.28 
(2.0-2. 9) 

2.5,  0.25 
(2. 1-2.8) 

2.7,  0.28 
(2. 1-3.0) 

2.7,  0.33 
(2. 2-3. 4) 

3.5,  0.28 
(3.0-3.8) 

width 

3.2,  0.16 
(3.0-3.5) 

2.6,  0.30 
(2. 0-3.0) 

2.5,  0.36 
(2. 1-3.1) 

2.7,  0.28 
(2. 3-3. 2) 

3.2,  0.24 
(2. 8-3. 6) 

Mandibular  teeth 

5th,  length 

2.6,  0.38 
(2. 1-3.0) 

3.1,  0.39 
(2. 5-3. 8) 

3.1,  0.34 
(2. 6-3. 5) 

3.1,  0.25 
(2. 7-3. 5) 

3.8,  0.29 
(3. 5-4. 2) 

width 

3.2,  0.15 
(3. 0-3. 4) 

2.7,  0.24 
(2.3-3. 2) 

2.6,  0.23 
(2. 2-2. 9) 

2.6,  0.27 
(2. 2-3.0) 

3.2,  0.21 
(3.0-3.5) 

6th,  length 

2.6,  0.16 
(2. 4-2. 9) 

2.8,  0.20 
(2.6-3. 2) 

3.0,  0.40 
(2. 3-3. 5) 

3.1,  0.38 
(2. 4-3. 8) 

3.7,  0.17 
(3. 5-4.0) 

width 

3.3,  0.26 
(3.0-3.6) 

2.7,  0.23 
(2.3-3. 1) 

2.5,  0.27 
(1. 9-2.7) 

2.7,  0.22 
(2. 4-3. 2) 

3.2,  0.25 
(2. 9-3. 5) 

7th,  length 

2.4,  0.19 
(2. 2-2. 8) 

2.5,  0.25 
(2. 1-2.8) 

2.5,  0.45 
(2.0-3. 1) 

2.7,  0.49 
(1.9-3. 8) 

3.3,  0.20 
(3. 0-3. 6) 

width 

3.0,  0.33 
(2. 5-3. 3) 

2.6,  0.30 
(2. 0-3.0) 

2.3,  0.44 
(1. 7-2.7) 

2.5,  0.34 
(1.8-2. 9) 

2.8,  0.32 
(2. 4-3. 5) 

1 BMNH  12.6.5.36,  51.8.25.9,  51.8.25.10,  79.12.13.1  and  80.5.6.74,  teeth  measured  by 
Daphne  M.  Hills.  Mandibular  teeth,  C.  u.  unicinctus,  N = 10. 
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X = Width 

Fig.  4. — Regression  of  width/length  of  5th  maxillary  tooth  in  Cabassous. 


(no  other  locality  data),  MZ  1600.  Boqueron — Filadelfia,  USNM  531004,  ZFMK  60.317. 
Presidente  Hayes — 5-7  km  W Juan  de  Zalazar,  CM  67067  ( holotype ),  CONN  16892. 

Cabassous  centralis  (Miller,  1899) 

Dasypus  gymnurus,  not  of  Olfers,  1818:220,  but  of  authors:  Frantzius,  1869:309;  Alfaro, 
1897:47,  Costa  Rica. 
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Xenurus  hispidus,  not  of  Burmeister,  1854:287,  but  of  True,  1895:345,  Honduras,  Cortes, 
Chamelecon. 

Xenurus  gymnurus,  not  of  Olfers,  1818:220,  but  of  J.  A.  Allen,  1897:43,  Costa  Rica, 
Limon,  Suerre,  near  Jimenez. 

Lysiurus  unicinctus,  not  of  Linne,  1758:50,  but  of  authors:  Trouessart,  1898:1147,  in 
part  for  Costa  Rica;  Greve,  1902:97,  in  part  for  Central  America. 

Lysiurus  hispidus,  not  of  Burmeister,  1854:287,  but  of  Trouessart,  1898:  1147,  in  part 
for  Central  America. 

Tatoua  centralis  Miller,  1899:4;  Trouessart,  1905:821.  Holotype : USNM  19464/35382, 
Honduras,  Cortes,  Chamelecon. 

Cabassous  centralis,  Palmer,  1899:72;  Miller  and  Rehn,  1901:11;  Neveu-Lemaire  and 
Grandidier,  1911:106  footnote;  Goldman,  1920:68;  Yepes,  1928:467;  Goodwin, 
1942:148,  1946:350;  Harris,  1943:4;  Handley,  1950:159,  1966:776;  Ingles,  1953:268; 
Talmage  and  Buchanan,  1954:77;  Hall  and  Kelson,  1959:243;  Mendez,  1970:89; 
Wetzel,  1980. 

Cabassous  hispidus,  not  of  Burmeister,  1854:287,  but  of  authors:  Bangs,  1900:89;  Nev- 
eu-Lemaire and  Grandidier,  1911:106  footnote,  in  part  for  Central  America. 
Cabassous  lugubris,  not  of  Gray,  1873:23,  but  of  authors:  Allen,  1904:421;  Trouessart, 
1905:821,  in  part  for  Colombia,  Santa  Marta;  Yepes,  1928:467,  and  Vieira,  1955:403, 
in  parts  for  Colombia;  Moeller,  1968:  Abb.  9b,  in  part  for  Central  America  and  South 
America  west  of  Andes. 

Cabassous  unicinctus,  not  of  Linne,  1758:50,  but  of  authors:  Trouessart,  1905:820,  in 
part  for  Costa  Rica;  Moeller,  1968: Abb.  9a,  in  part  for  Central  America  and  South 
America  west  of  Andes. 

Holotype. — USNM  19464/35382,  adult  female,  skin  and  skull,  col- 
lected 8 January  1891  by  E.  Wittkiigel,  in  Honduras,  Cortes,  Chame- 
lecon. 

Range.—  Honduras  (possibly  farther  north  to  Pacific  coastal  plain 
and  mountains  of  Quiche  in  Guatemala,  Handley,  1950:159),  Nicara- 
gua, Costa  Rica,  Panama,  to  northeastern  Colombia  and  northwestern 
Venezuela  west  of  the  Cordillera  Oriental.  Map,  Fig.  1. 

Diagnosis. — A small  species  with  naked  cheeks  and  pinnae,  slender 
skull  (Table  1);  teeth  mediolaterally  compressed  (occasional  teeth  are 
limited  exceptions,  Table  3);  scutes  on  first  two  complete  rows  of 
scapular  shield  much  wider  than  long.  Counts  of  scutes  (M,  SD,  N, 
respectively):  cephalic  shield,  35.3,  ±4.3,  23;  first  complete  band  of 
scapular  shield,  18.1,  ±1.3,  16;  last  band  of  scapular  shield,  27.2,  ±1.6, 
19;  third  movable  band,  28.3,  ±1.9,  19;  fourth  movable  band,  28.6, 
±1.5,  21;  first  band  of  pelvic  shield,  25.9,  ±0.9,  18;  last  band  of  pelvic 
shield,  8.3,  ±0.9,  18.  Number  of  movable  bands,  12.1,  ±0.6,  22. 

Comparisons . — Cheek  below  eye  is  naked  in  C.  centralis,  C.  u. 
unicinctus  and  C.  chacoensis,  and  partially  to  completely  scaled  in  C. 
u.  squamicaudis  and  C.  tatouay.  Posterior  face  of  pinna  naked  in  C. 
centralis,  naked  to  partially  scaled  in  C.  u.  unicinctus  and  C.  cha- 
coensis, and  scaled  in  C.  u.  squamicaudis  and  C.  tatouay.  Interorbital 
and  zygomatic  widths  smaller  in  C.  centralis  than  in  other  taxa  except 
C.  chacoensis ; body  and  skull  larger  than  in  C.  chacoensis  but  much 
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Fig.  5. — Canonical  analyses  of  Cabassous,  1 1 variables  as  follows:  nine  cranial  mea- 
surements (CNL,  RLa,  PRL,  ARW,  LW,  IO,  ZW,  MW,  and  HC)  and  two  measurements 
of  teeth  (width  and  length  of  6th  maxillary).  Boundaries  of  species  are  freehand.  Solid 
lines  enclose  specimens  grouped  statistically;  the  third  canonical  variable  at  group  mean 
is  indicated  after  species  name.  Interrupted  lines  enclose  ungrouped  specimens,  each 
shown  with  its  third  canonical  variable,  and  indicated  by  the  following  symbols:  • = 
C.  chacoensis ; for  C.  centralis,  C = Colombia,  H = Honduras,  P = Panama,  V = 
Venezuela  (northwestern).  Note:  overlap  of  C.  centralis  with  C.  unicinctus  is  confined 
to  two  specimens  from  Honduras  and  Panama,  geographically  most  distant  from  nearest 
specimens  of  C.  unicinctus  (in  Venezuela  east  of  the  Andes).  The  third  canonical  vari- 
able of  these  two  specimens  also  indicates  wide  statistical  separation  from  C.  unicinctus. 


smaller  than  in  C.  tatouay  and  slightly  smaller  than  in  C.u.  unicinctus 
(South  American  samples  of  C.  centralis  differ  more  from  C.  u.  uni- 
cinctus than  do  the  samples  from  Central  America).  See  Table  1,  Figs. 
4,  5,  and  6.  Other  differences  among  C.  centralis,  C.  tatouay,  and  C. 
chacoensis  are  listed  under  Comparisons  in  the  accounts  of  those  lat- 
ter species. 

Specimens  examined  (34). — Colombia:  No  loc.,  1 AMNH,  3 KB.  Antioquia — Con- 
cordia-Medellin,  1 BMNH.  Cesar — El  Salado,  1 USNM.  Guajira — Sierra  Negra,  1 
USNM;  Villanueva,  2 USNM.  Magdalena— Bonda,  2 AMNH,  1 CM;  Sierra  Nevada 
de  Santa  Marta,  1 MCZ;  Valparaiso  (see  Allen,  1899:208,  210),  1 AMNH.  Costa  Rica: 
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Fig.  6.— Canonical  analyses  of  Cabassous  centralis,  C.  unicinctus  unicinctus,  C.  u. 
squamicaudis , nine  variables  (cranial  measurements  as  in  Fig.  5).  For  C.  centralis,  C = 
Colombia,  CR  = Costa  Rica,  H = Honduras  (holotype),  P = Panama,  V = Venezuela 
(northwestern).  • = C.  u.  unicinctus ; O — C.  u.  squamicaudis.  Open  circle  enclosing 
letter  A denotes  specimens  from  area  of  intergradation  of  C.  u.  squamicaudis  with  C. 
u.  unicinctus  along  Amazon  River;  X = Xenurus  latirostris  Gray,  holotype;  Z = Ziphila 
lugubris  Gray,  holotype.  Note  that  specimens  of  C.  centralis  closest  to  C.  w.  unicinctus 
are  the  most  geographically  distant  (Costa  Rica,  Honduras,  Panama)  from  range  of  C. 
u.  unicinctus  (Surinam,  Venezuela  east  of  Andes). 


No  loc.,  2 BMNH.  Cartago — Muheco,  1 MZUM.  Limon— Suerre,  near  Jimenez  (Good- 
win, 1946:457),  1 AMNH.  Honduras:  Atldntida— 13  km  SW  Tela,  1 TCWC;  no  loc., 
1 TCWC.  Cortes — Chamelecon,  1 USNM  (holotype,  Tatoua  centralis  Miller).  Nica- 
ragua: Managua— Managua,  1 ZMB.  Panama:  No  loc.,  1 USNM.  Canal  Zone — Al- 
hajuela  (Fairchild  and  Handley,  1966:13),  3 MCZ;  Corozal,  1 GORGAS,  1 USNM. 
Darien — Jaque,  1 USNM;  Yaviza,  1 MVZ.  Panama — Chepo,  1 FMNH;  Pacora,  1 
USNM.  Venezuela:  Tachira — La  Fria,  1 MZUM.  Zulia— Maracaibo,  1 AMNH. 

Cabassous  unicinctus  (Linne,  1758) 

Synonymy,  range,  measurements,  most  diagnoses,  and  comparisons 
under  subspecies. 
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Table  3 .—Ratios  of  width/length  of  teeth  in  Cabassous.  For  each  measurement,  M and 
SD  are  on  the  first  line  and  OR  on  the  second  line.  Note  greater  width  of  teeth  in  C. 

chacoensis. 


Tooth  from 
anterior 

Cabassous 
chacoensis 
N = 7 

Cabassous 
unicinctus 
squamicaudis 
N = 18 

Cabassous 

unicinctus 

unicinctus 

N = 12 

Cabassous 
centralis 
N = 14 

Cabassous 
tatouay 
N = 11 

Maxillary  teeth 

3rd 

1.2,  0.10 

0.9,  0.09 

0.7,  0.08 

0.8,  0.09 

0.7,  0.07 

(1.0-1. 3) 

(0.7-1. 0) 

(0.6-0. 8) 

(0.6-1. 0) 

(0. 7-0.8) 

4th 

1.3,  0.12 

0.9,  0.08 

0.7,  0.07 

0.8,  0.07 

0.8,  0.08 

(1. 1-1.5) 

(0.8-1. 0) 

(0.6-0, 8) 

(0. 7-1.0) 

(0.7-0. 9) 

5th 

1.4,  0.11 

1.0,  0.06 

0.8,  0.10 

0.8,  0.08 

0.9,  0.04 

(1.2-1. 5) 

(0.8-1. 1) 

(0.6-1. 0) 

(0.7-1. 0) 

(0.8-0. 9) 

6th 

1.4,  0.12 

1.0,  0.11 

0.9,  0.06 

1.0,  0.10 

0.9,  0.05 

(1.3-1. 6) 

p 

bo 

I 

(0.8-1. 0) 

(0.8-1. 1) 

(0.9-1. 0) 

7th 

1.3,  0.14 

1.1,  0.12 

1.0,  0.06 

1.0,  0.13 

0.9,  0.09 

(1.2-1. 6) 

(0.8-1. 3) 

(0.8-1. 0) 

(0.8-1. 3) 

(0.8- 1.0) 

Mandibular  teeth 1 

3rd 

1.0,  0.08 

0.8,  0.09 

0.6,  0.07 

0.6,  0.10 

0.7,  0.08 

(0.9-1. 1) 

(0.6-0. 9) 

(0.6-0. 8) 

(0.5-0. 9) 

(0.6-0. 9) 

4th 

1.1,  0.10 

0.9,  0.07 

0.8,  0.05 

0.8,  0.09 

0.8,  0.06 

(0.9-1. 4) 

(0.7-1. 0) 

(0.7-0. 9) 

(0.6-1. 0) 

(0.7-0. 9) 

5th 

1.2,  0.16 

0.9,  0.10 

0.8,  0.04 

0.8,  0.08 

0.9,  0.08 

(1. 1-1.4) 

(0.7-1. 0) 

(0.8-0. 9) 

(0.7-1. 0) 

(0.7-1. 0) 

6th 

1.3,  0.11 

1.0,  0.08 

0.8,  0.06 

0.9,  0.10 

0.9,  0.08 

(1.2-1. 9) 

(0. 8-1.1) 

(0.7-0. 9) 

(0.7-1. 0) 

(0.8-1. 0) 

7th 

1.2,  0.12 

1.0,  0.09 

0.9,  0.06 

0.9,  0.10 

0.8,  0.09 

(1. 0-1.4) 

(0.8-1. 1) 

(0.8-1. 0) 

(0. 7-1.0) 

(0.8-1. 1) 

1 Mandibular  teeth,  C.  u.  unicinctus,  N = 10. 


Diagnosis . - - -Geographically  variable  in  size  (Table  1);  condition  of 
cheek  below  eye  and  posterior  face  of  pinna  varying  from  naked  to 
covered  with  scales;  teeth  compressed  mediolaterally  (some  excep- 
tions, see  Table  3). 

Comparisons . — Interorbital  and  zygomatic  widths  greater  than  in 
any  other  species  except  C.  tatouay.  Differs  most  sharply  from  C. 
centralis  in  the  part  of  its  range  north  of  the  Amazon  River  (see  Com- 
parisons, C.  u.  unicinctus). 

Cabassous  unicinctus  unicinctus  (Linrie,  1758) 

Tatu  seu  Armadillo,  Africanus,  mas.  Seba,  1734:47,  PL  30,  Fig.  3.  See  Comments. 
Dasypus  unicinctus  Linne,  1758:50,  1766:53.  Based,  ultimately,  upon  Seba. 

?Le  Petit  Kabassou  Buffon  and  Daubenton,  1763: PL  40  (not  assignable  to  subspecies). 
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IDasypus  duodecimcinctus  Schreber,  1775:279,  in  part,  prime  references,  225  (Linne, 
1766  and  Seba,  1734).  Subspecies  not  assignable  from  measurements,  p.  226  or  PI. 
75  (latter  is  based  upon  Buffon  and  Daubenton,  1763: PI.  40). 

Tatusia  tatouay,  not  of  Desmarest,  1804:28,  but  of  authors  in  part  where  based  upon 
Seba  and  Linne:  Lesson,  1827:311,  1830:63,  Desmarest,  1828:319. 

Dasypus  tatouay,  not  of  Desmarest,  1804:28,  but  of  Schombrugk,  1840:34,  1848:782, 
Guyana. 

Dasypus  gymnurus,  not  of  Illiger,  1815:108,  but  of  authors:  Wagner,  1844:171,  var.  b; 

Rapp,  1852:9,  in  part  for  measurements  and  Guyana. 

Dasypus  verrucosus  Wagner,  1844:172  footnote,  1855:174-175,  Guyana. 

Ziphila  lugubris  Gray,  1873:23.  Holotype : BMNH  51.8.25.10,  “Brazils,  St.  Catherine’s,” 
purchased  from  Parzudaki,  see  Comments.  Paratype:  BMNH  55.8.28.7,  Guyana, 
Demerara  (not  BMNH  55.8.28.9,  listed  in  error  by  Gray;  J.  E.  Hill,  personal  commu- 
nication). 

Xenurus  lugubris,  Thomas  1880:402,  Ecuador,  Sarayacu. 

Xenurus  duodecimcinctus,  Jentink,  1888:213,  in  part  for  specimens  from  Surinam. 
Lysiurus  unicinctus,  Trouessart,  1898:1146-7,  and  Greve,  1902:97,  in  parts  where  based 
upon  distribution  in  Guyana,  Surinam,  and  French  Guiana. 

Lysiurus  lugubris,  Trouessart,  1898:1148,  and  Greve,  1902:98,  Guyana. 

Cabassous  lugubris,  Palmer,  1899:72;  Robinson  and  Lyon,  1901:139,  Venezuela; 
Trouessart,  1905:821,  in  part  for  Guyana;  Neveu-Lemaire  and  Grandidier,  1911:106 
footnote,  in  part  for  Guyana;  Yepes,  1928:467,  in  part  for  “Guayanas,”  1944:69, 
French  Guiana;  Pittier  and  Tate,  1932:255,  Venezuela;  Tate,  1947:66,  Venezuela;  Tal- 
mage  and  Buchanan,  1954:77,  in  part  for  Guyana;  Vieira,  1955:403,  in  part  for  SE 
Colombia  and  “Guianas;”  Moeller,  1968:419,  Abb.  9b,  36-38,  in  part. 

Cabassous  unicinctus,  Palmer,  1899:72,  in  part  for  Guyana  and  Surinam;  Trouessart, 
1905:820,  in  part  for  Guyana;  Tate,  1939:168,  Guyana;  Vieira,  1955:403,  in  part  for 
“Guianas;”  Carvalho,  1961:7,  Brazil,  Roraima,  Po^aoi;  Moeller,  1968:Abb.  9a,  in  part 
north  of  Amazon  River  and  east  of  Andes;  Hanif  and  Poonai,  1968:26,  Guyana;  Hus- 
son,  1978:259,  Surinam;  Cabrera,  1958:220,  in  part  for  “Guayanas”  and  Brazil  north 
of  Amazon. 

Tatoua  unicinctus,  Beebe,  1919:224,  Guyana. 

Cabassous  loricatus,  not  of  Wagner,  1855:174,  but  of  Yepes,  1928:467,  in  part  for 
“Guayanas.” 

Xenurus  unicinctus,  Sanderson,  1949:785,  Surinam. 

Cabassous  unicinctus  unicinctus,  Wetzel,  1980. 

Type  locality. — Surinam,  designated  by  Thomas  (1911:141). 

Range. — South  America  east  of  the  Andes  and  north  of  the  Amazon, 
including  the  Guianas  and  parts  of  Brazil,  Venezuela,  Colombia,  Ec- 
uador, and  Peru;  intergrading  with  C.  u.  squamicaudis  in  the  Amazon- 
Solimoes  River  area  in  Brazil  and  Peru.  Map,  Fig.  1. 

Diagnosis. — Cheek  below  eye  naked  or  with  some  small,  isolated 
scales;  posterior  face  of  pinna  naked;  scutes  on  first  and  second  com- 
plete rows  of  scapular  shield  varying  from  only  slightly  wider  to  not 
as  wide  as  anteroposterior  lengths.  Counts  of  scutes  (M,  SD,  N,  re- 
spectively): cephalic  shield,  34.8,  ±2.1,  19;  first  complete  band,  scap- 
ular shield,  17.3,  ±1.3,  11;  last  band,  scapular  shield,  26.8,  ±1.5,  12; 
third  movable  band,  28.1,  ±1.2,  9;  fourth  movable  band,  27.4,  ±1.6, 
22;  first  band,  pelvic  shield,  25.6,  ±0.7,  12;  last  band,  pelvic  shield, 
8.4,  ±0.7,  12.  Number  of  movable  bands,  12.1,  ±0.6,  23. 
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Table  4 .—Comparison  of  holotypes  of  Ziphila  lugubris  Gray  (BMNH  51.8.25.10)  and 
Xenurus  latirostris  Gray  (BMNH  51.8.25.9)  with  Cabassous  unicinctus  (L.)  See  Table 
1 and  Diagnoses  of  subspecies  of  C.  unicinctus. 


Characters 

Ziphila 

lugubris 

Cabassous 
unicinctus 
unicinctus 
M,  SD 

Xenurus 

latirostris 

Cabassous 
unicinctus 
squamicaudis 
M,  SD 

scutes  on 
cephalic  shield 

29-32 

34.6,  2.2 

45  + ? 

54.0,  5.5 

CNL 

86.1 

85.6,  2.5 

_ 

78.1,  4.4 

RLa 

40.8 

41.6,  3.2 

38.9 

36.2,  2.7 

PRL 

45.3 

44.6,  1.0 

— r 

42.1,  2.5 

ARW 

13.5 

13.1,  0.6 

12.9 

12.2,  0.8 

LW 

39.0 

36.4,  1.6 

34.6 

32.9.  2.3 

IO 

26.8 

26.6,  1.1 

28.8 

26.6,  1.4 

zw 

46.8 

45.7,  2.0 

46.7 

43.7,  2.9 

Comparisons.—  In  C.  u.  unicinctus  the  body  and  cranium  are  larger 
and  the  teeth  are  proportionately  narrower  than  in  the  adjoining 
species,  C.  centralis  (Tables  1-3).  The  differences  are  greatest  in  pop  - 
ulations most  nearly  contiguous  (Figs.  5 and  6).  C.  u.  unicinctus  and 
C.  centralis  cannot  be  separated  satisfactorily  by  the  degree  of  scaling 
on  the  cheeks.  For  comparisons  with  C.  chacoensis  and  C.  tatouay 
see  accounts  of  those  species.  C.  unicinctus  does  not  vary  geograph- 
ically in  interorbital  width  and  only  slightly  in  zygomatic  width.  Oth- 
erwise C.  u.  unicinctus  has  a larger  body  and  cranium,  narrower  teeth, 
proportionately  longer  rostrum,  and  fewer  scutes  on  the  cephalic  shield 
and  fewer  scales  on  the  tail  than  does  C.  u.  squamicaudis  (Tables  1- 
3,  Fig.  6).  The  ratios  of  rostral  length  to  postrostral  length  for  the  two 
subspecies  are  (M,  SD,  N,  respectively):  0.92,  ±0.03,  19  and  0.86, 
±0.06,  21.  C.  u.  unicinctus  also  differs  by  having  fewer  scales  or 
entirely  naked  cheeks  and  naked  posterior  face  of  pinna  as  compared 
to  scales  on  both  these  regions  in  C.  u.  squamicaudis. 

Comments.—  Both  of  the  Cabassous  described  and  figured  by  Seba 
(1734:47-48,  PI.  30,  Figs.  3 and  4)  as  “Tatu,  seu  Armodillo,  Africana,” 
are  assignable  to  C.  unicinctus  (L.).  The  bare-tailed  male  specimen 
(Fig.  3)  is  likely  to  be  C.  n.  unicinctus,  whereas  the  scaly-tailed  female 
(Fig.  4)  might  be  C.  u.  squamicaudis. 

Ziphila  lugubris  Gray  and  Xenurus  latirostris  Gray  are  assigned  to 
Cabassous  unicinctus  (L.).  Cranial  dimensions  and  number  of  scutes 
on  the  cephalic  shields  of  the  holotypes  (Table  4),  as  well  as  canonical 
analysis  (Fig.  6)  place  the  former  with  C.  u.  unicinctus  north  of  the 
Amazon  and  the  latter  taxon  with  C.  u.  squamicaudis  south  of  the 
Amazon.  A single  locality,  “Santa  Catharina,”  as  provenance  for  both 
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holotypes  of  Z.  lugubris  and  X.  latirostris,  is  questioned.  For  Z.  lu- 
gubris  neither  the  state  of  Santa  Catarina  nor  varied  population  centers 
of  the  same  name  in  Brazil,  all  far  south  of  the  Rio  Amazon,  seem 
likely  sources  of  the  holotype.  I agree  with  Gray’s  alliance  of  Z.  lu- 
gubris with  Cabassous  north  of  the  Amazon  in  his  choice  of  a paratype 
from  Guyana.  I suggest  that  the  provenance  of  the  holotype  of  Z. 
lugubris  may  be  French  Guiana,  Sainte  Catherine,  a nation  from  which 
other  specimens  were  obtained  by  Parzudaki  for  BMNH. 

Specimens  examined  (41). — French  Guiana?:  “St.  Catherine’s”  or  “Santa  Cath- 
erina”  (Gray  1873:23  and  specimen  label,  respectively)  =Sainte  Catherine?,  1 BMNH 
(holotype  Ziphila  lugubris  Gray).  Colombia:  Meta — Villavicencio,  2 BMNH,  1 ICN; 
Noloc.,  1 ICN.  Ecuador:  Napo  Pastaza — Sarayacu,  1 BMNH.  Guyana:  Demerara — 
No  loc.,  2 BMNH.  Essequibo — Kartabo,  1 AMNH.  Mazaruni-Potaro — Bonasika  River, 
1 BMNH.  Rupununi — 8,  19,  80  km  S,  Dadanawa,  3 ROM;  Moon  Mts.,  1 BMNH;  Takutu 
River,  3 BMNH.  Peru:  Loreto-— I quitos,  1 AMNH;  Orosa,  1 AMNH.  Surinam:  No 
loc.,  3 SMN.  Venezuela:  No  loc.,  2 MBUCV.  Bolivar — Represa  del  Guri,  4 MBUCV, 
10  MEBRG.  Distrito  Federal — San  Julian,  1 USNM.  Monagas — Caicara,  1 USNM. 
Sucre — Cumana,  1 KU. 

Cabassous  unicinctus  squamicaudis  (Lund,  1843) 

ITatu  seu  Armodillo,  Africana,  foemina  Seba,  1734:48,  PI.  30,  Fig.  4.  See  Comments, 
C.  u.  unicinctus. 

Dasypus  gymnurus,  not  of  Uliger,  1815:108,  but  of  authors:  Wied-Neuwied,  1826:529; 

Rapp,  1852:9,  in  part  for  Brazil  and  measurements. 

Xenurus  squamicaudis  Lund,  1845(1843):lxxxiv,  1846:93  and  PI.  50,  Figs.  3,  5;  Winge, 
1915:48-51,  314,  PI.  3,  Figs.  5-7;  Paula  Couto,  1950:501,  503,  568,  PI.  50,  Figs.  3, 
5.  Lectotype : ZMUC  L-33,  Minas  Gerais,  Lagoa  Santa. 

Dasypus  hispidus  Burmeister,  1854:287,  1855:13,  Minas  Gerais,  Lagoa  Santa. 

Dasypus  gymnurus  loricatus  Wagner,  1855:174-6.  Holotype : NMV  3043,  Mato  Grosso 
or  Mato  Grosso  do  Sul  (see  Specimens  examined ),  Cabe£a  de  Boi. 

Xenurus  hispidus,  Gray,  1865:378,  1869:384;  Fitzinger,  1871:248;  Cope,  1889:134,  Mato 
Grosso,  Chapada. 

Xenurus  latirostris  Gray,  1873:22.  Holotype : BMNH  51.8.25.9,  “Brazils,  St.  Cather- 
ine’s,” purchased,  see  Comments. 

Xenurus  loricatus,  Pelzeln,  1884:102. 

Lysiurus  latirostris,  Trouessart,  1898:1147;  Greve,  1902:98. 

Lysiurus  loricatus,  Trouessart,  1898:1147,  Greve,  1902:98. 

Lysiurus  hispidus,  Trouessart,  1898:1147,  in  part;  Greve,  1902:98. 

Tatoua  hispida,  Miller,  1899:5. 

ITatoua  lugubris,  Miller,  1899:6. 

Cabassous  loricatus,  Palmer,  1899:72;  Trouessart,  1905:820;  J.  A.  Allen,  1916:564,  591; 
Yepes,  1928:467,  1938:57,  in  part  for  Brazil;  ?Minoprio,  1945:9;  Vieira,  1945:418, 
1951:124,  1955:403,  in  part  for  Mato  Grosso  and  Mato  Grosso  do  Sul;  Talmage  and 
Buchanan,  1954:77;  Cabrera,  1958:219,  in  part  for  central  Brazil;  Moeller,  1968:419, 
Abb.  9b,  36-38,  in  part  for  central  Brazil. 

Cabassous  latirostris,  Trouessart,  1905:820;  Yepes,  1928:467;  Krumbiegel,  1940:55. 
Cabassous  hispidus.  Palmer,  1899:72;  Trouessart,  1905:820;  Yepes,  1928:467;  ?Krum- 
biegel,  1940:55;  Talmage  and  Buchanan,  1954:77;  Vieira,  1955:403;  Cabrera, 
1958:219;  Moeller,  1968:419,  Abb.  9b,  36-38,  in  part. 

Lysiurus  unicinctus,  Goeldi  and  Hagmann,  1904:98,  Para,  Bragan£a. 
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Cabassous  lugubris,  ?Yepes,  1928:467,  in  part  for  Brazil;  ?Talmage  and  Buchanan, 
1954:77,  in  part  for  SE  Brazil;  Vieira,  1955:403,  in  part  for  “Amazonas,”  1957:128, 
Maranhao,  Barra,  do  Corda;  Moeller,  1968:419,  Abb.  9b,  36-38,  in  part. 

Cabassous  squamicaudis , Paula  Couto,  1950:537,  1970«:5,  1970h:923,  1975:104, 
1979:222,  as  Pleistocene,  now  extinct,  Minas  Gerais,  caverns  of  Rio  Velhas. 
Cabassous  unicinctus,  Pine,  1973:61,  Para,  Belem. 

Cabassous  unicinctus  squamicaudis,  Wetzel,  1980. 

Lectotype.—  ZMUC  L-33,  skull  only,  collected  by  P.  W.  Lund  in 
Brazil,  Minas  Gerais,  valley  of  the  Rio  Velhas,  caves  of  Lagoa  Santa, 
and  figured  by  Lund  (1846,  PL  50,  Fig.  5)  per  F.  W.  Braestmp  (personal 
communication)  is  designated  as  the  lectotype  of  C.  u.  squamicaudis 
(Lund). 

Range. —Possibly  from  Upper  Pleistocene  (see  Comments)  to  Re- 
cent—south  of  the  Amazon  from  its  mouth  to  the  foothills  of  the  Andes 
in  Peru  and  Bolivia,  skirting  the  Chaco  Boreal,  and  east  through  the 
states  of  Mato  Grosso,  Mato  Grosso  do  Sul,  Goias,  to  Minas  Gerais 
and  Maranhao  (see  Comments).  Intergrades  with  C.  u.  unicinctus  in 
the  Amazon  basin  (Figs.  1,6). 

Diagnosis . Cheek  below  eye  and  posterior  face  of  pinna  with 
scales;  tail  with  isolated  scales;  numerous  scales  on  cephalic  shield; 
scutes  of  first  and  second  complete  rows  on  scapular  shield  wider  than 
long;  body  and  cranium  small.  Counts  of  scutes  (M,  SD,  N,  respec- 
tively): cephalic  shield,  54.0,  ±5.5,  14;  first  complete  band  of  scapular 
shield,  20.1,  ±1.9,  10;  last  band,  scapular  shield,  26.3,  ±1.7,  10;  third 
movable  band,  28.0,  ±1.3,  11;  fourth  movable  band,  27.4,  ±1.3,  13; 
first  band,  pelvic  shield,  24.4,  ±1.6,  11;  last  band,  pelvic  shield,  6.6, 
±1.0,  11.  Number  of  movable  bands,  12.0,  ±0.4,  15. 

Comparisons. — C.  u.  squamicaudis  has  more  scutes  on  the  cephalic 
shield  than  any  other  Cabassous  and  more  scales  on  cheek,  posterior 
side  of  pinna  and  on  the  tail  than  any  other  but  C.  tatouay.  For  other 
comparisons  see  accounts  of  C.  chacoensis,  C.  centralis,  C.  u.  uni- 
cinctus, and  C.  tatouay. 

Comments. — F.  W.  Braestmp  (personal  communication)  has  kindly 
identified  Xenurus  squamicaudis  (Winge,  1915,  Figs.  5-7,  PL  3)  as 
ZMUC  L-34,  collected  by  Lund  at  Lagoa  Santa. 

Xenurus  latirostris  Gray  is  assigned  to  Cabassous  unicinctus  squam- 
icaudis on  the  basis  of  number  of  scutes  on  the  cephalic  shield  and 
cranial  measurements  (Table  4)  and  the  results  of  canonical  analysis 
(Fig.  6).  Santa  Catarina,  as  the  provenance  of  the  holotype,  presents 
a problem.  It  is  unlikely,  on  distributional  grounds,  that  this  indicates 
the  state  of  Santa  Catarina.  It  will  be  seen  on  the  map,  Fig.  1,  that 
otherwise  the  large  C.  tatouay  is  the  only  Cabassous  known  to  occur 
in  the  coastal  watershed  of  southern  Brazil.  The  nearest  specimens  of 
a small  Cabassous,  C.  u.  squamicaudis  in  lower  Mato  Grosso  do  Sul, 
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are  approximately  600  km  distant  from  the  state  of  Santa  Catarina.  For 
a genus  that  is  relatively  rare  in  collections  this,  of  course,  is  not 
impossible  and  future  fieldwork  may  prove  this  to  be  the  case.  In  the 
absence  of  such  data  I can  only  assume  that  if  Santa  Catarina  is  correct 
for  the  holotype  of  X.  latirostris,  one  of  three  population  centers  of 
the  same  name  in  Mato  Grosso,  Mato  Grosso  do  Sul,  or  Minas  Gerais 
is  the  provenance  of  the  specimen.  At  present  I am  considering  its 
source  unknown. 

Xenurus  squamicaudis  was  considered  an  extinct,  fossil  species 
when  discovered  by  P.  W.  Lund  in  the  mixed  material  from  the  caverns 
of  Minas  Gerais,  by  H.  Winge  who  reexamined  the  specimens,  and  by 
Paula  Couto  (1950-1979).  These  specimens,  which  I examined  at 
ZMUC,  are  not  separable  from  the  small  species  of  Cabas  sous  still 
living  in  that  same  area.  I was  not  able,  however,  to  determine  if  the 
Lund  specimens  were  of  Pleistocene  or  Recent  origin.  It  is  entirely 
possible  that  C.  u.  squamicaudis  dates  from  the  Upper  Pleistocene  to 
Recent,  although  documentation  is  needed  to  support  this  possibility. 

Specimens  examined  (37). — Bolivia:  Beni — Guayaramerin,  1 AMNH.  Brazil: 
Goids — Anapolis,  2 AMNH.  Maranhdo — Barra  do  Corda,  1 MZUSP;  alto  Rio  Parnah- 
yba,  1 FMNH.  Mato  Grosso — No  loc.,  1 NMV;  Chapada  (56  km  NE  Cuiaba,  Cope, 
1889: 128),  1 AMNH,  3 ANSP,  1 USNM;  264  km  N Chavantina  (=Xavantina),  1 BMNH; 
Cuiaba  (Fazenda  Arica),  1 MZUSP.  Mato  Grosso  do  Sul — Capao  Bonita,  2 FMNH: 
Maracaju,  3 AMNH,  2 MN;  Sao  Domingos,  Rio  das  Mortes,  1 MZUSP.  Mato  Grosso 
do  Sul  or  Mato  Grosso — Cabe$a  de  Boi  (either  a brook  entering  Ribeirao  Macacos  at 
15°14'S,  53°14'W,  in  Rio  das  Mortes  drainage  [Mato  Grosso  do  Sul]  or  near  Cuiaba 
[Mato  Grosso]  per  two  listings  in  Pinto,  1894.332),  1 NMV  (holotype  D.  g.  loricatus 
Wagner).  Minas  Gerais — Lagoa  Santa,  4 ZMUC  (including  lectotype  Xenurus  squam- 
icaudis Lund).  Para — No  loc.,  1 BMNH;  Belem-Brazilia  highway,  km  307,  1 LACM; 
Bragan^a,  1 MPEG;  Cameta,  1 AMNH;  Igarape  Amorin,  Rio  Tapajos,  1 AMNH;  Ipi- 
tinga,  Rio  Acara,  1 ZSM;  Taperinha,  3 MPEG.  State? — Santa  Catarina,  1 BMNH  (ho- 
lotype Xenurus  latirostris  Gray).  Peru:  Junin — Chanchamayo  (Hershkovitz,  1960:566), 
1 BMNH. 


Cabas  sous  tatouay  (Desmarest,  1804) 

Tatou  troisieme,  ou  Tatou  Tatouay  Azara,  1801:155. 

Loricatus  tatouay  Desmarest,  1804:28  and  description,  1803:434.  Based  upon  Azara. 
Dasypus  dasycercus  G.  Fischer,  1814:124  and  measurements  125,  Paraguay. 

IDasypus  gymnurus  Illiger,  1815:108.  Nomen  nudum  (see  Hershkovitz,  1959:340). 
Tatus  gymnurus  Olfers,  1818:220.  Based  upon  Azara. 

Dasypus  unicinctus,  not  of  Linne,  1758,  but  of  Desmarest,  1819:488. 

Dasypus  tatouay,  in  part  where  based  upon  Desmarest,  1804:28;  Desmarest,  1822:367, 
1828:319;  J.  B.  Fischer,  1829:392. 

Tatusia  tatouay,  in  part  where  based  upon  Desmarest,  1804:28;  Lesson,  1827:311, 
1830:63,  1842:150. 

Dasypus  gymnurus,  Rengger,  1830:290  and  measurements,  291;  Burmeister,  1837:805; 
Wagner,  1844:171,  173,  1855:174. 

Xenurus  nudicaudis  Lund,  1841(1839):  133,  143,  PI.  13,  Fig.  1;  1841(  1840): 227,  264,  292; 
1842(1841);  131,  197;  1845(1843):lxxxiv-v;  1846(1 845): 93,  PI.  50,  Figs.  2,  4;  Paula 
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Couto,  1950:196,  PI.  50,  Figs.  2,  4.  Lectotype:  ZMUC  L-28,  skull  only,  Minas 
Gerais,  Lagoa  Santa;  see  Comments. 

Dasypus  12-cinctus,  Burmeister,  1854:282  and  length  of  skull  286;  1855:12-13. 

Xenurus  tatouay,  Gervais,  1855:254. 

Xenurus  unicinctus,  not  of  Linne,  1758,  but  of  Gray,  1865:378;  1869:384,  in  parts  where 
measurement  of  skull  is  stated;  1873:21-22. 

Xenurus  gymnurus,  Hensel,  1873:107-108,  S Brazil;  Pelzeln,  1884:102,  Sao  Paulo,  Ypa- 
nema;  Cope,  1889:134,  Mato  Grosso,  Chapada,  Sao  Joao. 

Tatoua  unicinctus,  not  of  Linne,  1758,  but  of  Miller,  1899:2-3. 

Cabassous  unicinctus,  not  of  Linne,  1758,  but  of  authors:  Palmer,  1899:72;  Neveu- 
Lemaire  and  Grandidier,  1911:104-106;  Yepes,  1928:467,  but  not  including  Peru, 
489-490,  Lam.  II,  Fig.  2;  Yepes,  1935:440,  for  Misiones  and  Lam.  I Fig.  1,  Lam.  II; 
Yepes,  1938:56;  ?Bertoni,  1939:7,  Paraguay,  Alto  Parana,  Pto.  Bertoni;  ?Krumbie- 
gel,  1940:55;  Ihering,  1940:781;  Minoprio,  1945:9;  Frechkop  and  Yepes,  1949:33; 
Vieira,  1950:333,  1955:403,  in  part;  Talmage  and  Buchanan,  1954:77,  in  part;  Moell- 
er, 1968:419,  Abb.  36-38  and  Abb.  9a,  for  SE  Brazil  to  N Buenos  Aires  province; 
Paula  Couto,  1970a  :5,  19706:923, 1979:222,  Minas  Gerais,  Lagoa  Santa;  Avila-Pires, 
1977:18,  Parque  Nacional  de  Itatiaia,  Macieiras. 

Xenurus  duodecimcinctus , not  of  Schreber,  1775:280,  but  of  Winge,  1915:32,  PI.  3,  Figs. 

1-4,  Minas  Gerais,  Lagoa  Santa,  see  Comments. 

Cabassous  tatouay,  Cabrera,  1958:219;  Ximenez  and  Achaval,  1966:1-2,  Uruguay. 
Cabassous  gymnurus,  Ximenez  et  al.,  1972:14,  Uruguay. 

Cabassous  duodecimcinctus,  not  of  Schreber,  1775:280,  but  of  Paula  Couto,  1973:267, 
Sao  Paulo,  Caverna  da  Onga  Parda. 

Type  locality. — Southeastern  Paraguay,  at  27°S  (Cabrera,  1958:219) 
which  traverses  the  departments  of  Neembucu,  Misiones,  and  Itapua. 

Range. — Brazil  in  southern  Para,  Mato  Grosso,  Mato  Grosso  do 
Sul,  Goias,  Minas  Gerais,  Espirito  Santo,  Rio  de  Janeiro,  Sao  Paulo, 
Santa  Catarina,  and  Rio  Grande  do  Sul;  Uruguay;  southern  Paraguay 
west  to  Rio  Paraguay  (D.  A.  Meritt,  personal  communication);  and  in 
Argentina  in  at  least  the  province  of  Misiones.  Cabrera’s  (1958; 2 19) 
speculation  that  this  species  probably  occurs  in  the  extreme  eastern 
portion  of  Formosa  province  seems  reasonable,  and  it  is  also  likely 
that  C.  tatouay  occurs  or  once  occurred  in  the  provinces  of  Chaco 
(eastern  portion),  Santa  Fe,  Corrientes,  and  Entre  Rios.  Moeller 
(1968: Abb.  9a)  indicated  this  species  (without  specifying  a record)  in 
eastern  Buenos  Aires  province.  Map,  Fig.  1.  See  Comments  concern- 
ing Upper  Pleistocene. 

Diagnosis. — Body  and  cranium  large  (Table  1);  cranium  with  pro- 
portionately long  rostrum  and  palate;  teeth  compressed  mediolaterally; 
tail  and  cheek  below  eye  with  isolated  scales;  posterior  side  of  pinna 
with  scales;  scutes  on  first  and  second  complete  band  of  scapular  shield 
with  transverse  widths  less  than  anteroposterior  lengths,  except  for 
one  or  two  medial  scutes.  Counts  of  scutes  (M,  SD,  N,  respectively); 
cephalic  shield,  48.3,  ±3.7,  20;  first  complete  band  of  scapular  shield, 
21.8,  ±5.5,  9;  last  band,  scapular  shield,  29.0,  ±1.5,  9;  third  movable 
band,  31.0,  ±1.7,  9;  fourth  movable  band,  30.8,  ±1.6,  13;  first  band, 
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pelvic  shield,  29.1,  ±1.4,  9;  last  band,  pelvic  shield,  8.0,  ±1.3,  9. 
Number  of  movable  bands,  12.8,  ±0.6,  18. 

Comparisons. — C.  tatouay  is  larger  than  other  Recent  species  of 
Cabas  sous  (Table  1).  The  palate  is  more  elongate,  with  medial  pos- 
terior margin  extending  posteriorly  beyond  a line  between  anterior 
margins  of  zygomatic  rami  of  squamosals.  Ratios  of  palatal  length  to 
maxillary  toothrow  length  greater  than  in  other  species  (M,  SD,  N, 
respectively):  C.  tatouay,  1.81,  ±0.09,  20;  C.  u.  unicinctus,  1.68, 
±0.10,  19;  C.  u.  squamicaudis,  1.62,  ±0.05,  11;  C.  centralis,  1.63, 

±0.03,  9;  C.  chacoensis,  1.62,  ± , 4.  First  three  maxillary  teeth  more 

transversely  compressed  than  in  other  species  (Table  3).  C.  tatouay 
has  more  scutes  on  first  band  of  pelvic  shield  and,  except  for  C. 
centralis,  more  scutes  on  third  movable  band  than  in  other  species. 
Rostral  length  greater  in  both  measurement  and  proportion  than 
in  other  taxa,  and  ratios  of  RLa  to  PRL  greater  than  in  other  taxa 
occurring  south  of  the  Amazon  River  (M,  SD,  N,  respectively):  C. 
tatouay , 0.94,  ±0.05,  27;  C.  u.  squamicaudis,  0.86,  ± 0.06,  21;  C. 

chacoensis,  0.80,  ± , 4.  Also  differs  from  the  other  Cabassous  with 

which  it  is  sympatric  in  having  fewer  scutes  on  cephalic  shield  (M 
48.3,  OR  43-54)  than  most  C.  u.  squamicaudis  (M  54.0,  OR  47-62). 

Comments. — The  name  Xenurus  nudicaudis  (us)  was  applied  by 
Lund  to  the  large  Cabassous  living  in  the  vicinity  of  Minas  Gerais, 
Lagoa  Santa.  I estimate  that  the  left  femur  figured  in  his  1841  (1839):P1. 
13,  Fig.  1 had  a greatest  length  of  78  mm,  which  is  within  the  range  of 
adult  Cabassous  tatouay  (contrasted  with  my  estimate  of  93  mm  for 
the  left  femur  of  Euphractus  gilvipes  [=E.  sexcinctus ] in  PI.  13,  Fig. 
4).  A firmer  identification  can  be  made  of  Xenurus  nudicaudis  Lund 
where  its  skull  is  shown  (Lund  1846,  1845:P1.  50,  Fig.  4)  and  contrasted 
with  the  smaller  Xenurus  squamicaudis  (PI.  50,  Fig.  5 =C.  u.  squam- 
icaudis). ZMUC  L-28  is  the  specimen  used  for  Lund’s  PI.  50,  Fig.  4 
(F.  W.  Braestrup,  personal  communication)  and  it  is  here  designated 
as  the  lectotype  of  Xenurus  nudicaudis  Lund,  a junior  synonym  of 
Cabassous  tatouay  (Desmarest).  For  additional  use  of  the  name  X. 
nudicaudis  by  Lund,  see  Paula  Couto  (1950:583)  who  indexed  14  ci- 
tations. Winge  (1915),  working  with  the  same  collection  (ZMUC),  ap- 
plied the  name  Xenurus  duodecimcinctus  (Schreber)  to  the  large  spec- 
imens of  Recent  Cabassous  from  Lagoa  Santa.  His  illustration  (PI.  3, 
Figs.  1-3)  of  the  skull  of  that  species  is  based  upon  ZMUC  86  (F.  W. 
Braestrup,  personal  communication),  a specimen  of  Cabassous  ta- 
touay. 

Cabassous  tatouay  from  the  caverns  of  Minas  Gerais,  valley  of  Rio 
Velhas,  was  considered  as  C.  unicinctus  (L.)  by  Paula  Couto  (1970^:5, 
19706:123,  1979:222)  and  treated  as  occurring  both  as  a fossil  and  in 


1980 


Wetzel— Revision  of  Cabassous 


351 


the  Recent.  I was  unable  to  differentiate  between  Pleistocene  and  Re- 
cent as  the  origin  of  the  Lagoa  Santa  cavern  material  that  I examined 
at  ZMUC.  Both  Lund  and  Winge  seem  to  have  considered  the  speci- 
mens representative  of  the  large  Cabassous  still  living  in  the  Lagoa 
Santa  area.  The  origin  of  C.  tatouay  is  probably  the  Upper  Pleistocene, 
although  we  are  presently  lacking  information  on  this  question. 

In  the  following  list  of  Specimens  examined  the  location  of  Sao 
Joao,  provenance  of  ANSP  4648,  collected  by  H.  H.  Smith,  is  stated 
as  Rio  Grande  do  Sul,  Montenegro  (—Sao  Joao  do  Monte  Negro).  This 
was  a major  collecting  site  of  H.  H.  Smith.  There  is  also  the  possibility, 
however,  that  another  Sao  Joao,  at  16°57'S,  56°38'W,  in  either  Mato 
Grosso  or  Mato  Grosso  do  Sul,  was  the  collection  site.  This  village  is 
on  the  Rio  Cuiaba,  which  was  on  Smith’s  route  to  Chapada  (Cope, 
1889:129). 

Specimens  examined  (58).— Argentina:  Misiones — No  loc.,  1 MACN;  Rio  Uruguai  i, 
30  km  from  Puerto  Bemberg,  1 MACN;  Santa  Ana  (Depto.  Candelaria),  1 MACN; 

Tobuna,  1 MACN.  Brazil:  No  loc.,  1 BMNH.  Esprnto  Santo Engeeheiro  Reeve,  1 

BMNH.  Golds— Anapolis,  3 AMNH,  1 MN.  Mato  Grosso— Chapada,  1 ANSP  (56  km 
NE  Cuiaba,  Cope,  1889:128);  Lagoa  Comprida,  112  km  E Caceres,  1 MSU.  Minas 
Gerais-- Lagoa  Santa,  6 ZMUC,  probably  Lagoa  Santa,  3 ZMUC;  Passos,  Fazenda  da 
Barra,  1 USNM;  Rio  Jordao,  3 BMNH;  Santa  Rita,  2 MCZ.  Para— No  loc.,  2 BMNH, 
1 NMBE.  Rio  de  Janeiro— Caixias,  ”E  of  Rio,”  1 MN;  Teresopolis,  1 MZUY;  probably 
Rio,  1 BMNH.  Rio  Grande  do  Sul— Montenegro  ( = Sao  Joao  do  Monte  Negro),  1 ANSP; 
Passo  Fun  do.  1 ZSM;  Rio  Grande,  2 BMNH.  Sao  Paulo— Alambari,  1 BMNH;  Avan- 
handava,  1 MZUSP;  Caverna  da  Onga  Parda,  1 MN;  Estancia  do  Oro  (see  Vieira, 
1950:334),  1 MZUSP;  Franca,  1 MZUSP;  Paranapiaceba,  Alto  da  Serra,  1 MZUSP; 
Valparaiso,  1 MCZ.  Santa  Catarina— No  loc.,  1 FMNH,  2 MZUV,  1 USNM,  3 ZMUC; 
Hansa,  2 BMNH;  Joinvile,  2 NHMB,  1 NMV.  Paraguay:  Itapud— Capitan  Meza,  1 
MACN.  Misiones— ' Curapaity”  (as  Curupayty,  Inst.  Geogr.  Milit. , map,  Paraguay, 
Ed.  la,  1974,  approx.  26°50'S,  56°50'W),  1 NHMB. 

cf.  Cabassous  antiquus  (Lund,  1840) 

Xenurus  antiquus  Lund,  1841(1840):227,  268,  PI.  14,  Figs.  5 and  8;  1845(1 843) :lxxxiv-v. 
Cabassus  antiquus,  Ameghino,  1907:73,  Fig.  4;  Paula  Couto,  1979:222. 

Cabassous  duodecimcinctus,  not  of  Schreber,  1775:279,  but  of  Paula  Couto, 
1950:footnotes,  213,  501,  and  their  citations,  503,  556. 

Cabassous  unicinctus,  not  of  Linne.  1758:50,  but  of  Paula  Couto,  1975: 105. 

Type  locality.-— Brazil,  Minas  Gerais,  valley  of  Rio  Velhas,  caves  of 
Lagoa  Santa. 

Range. — Not  known,  probably  Upper  Pleistocene,  Brazilian  high- 
lands, states  of  Minas  Gerais  and  Sao  Paulo. 

Diagnosis . — -None  is  attempted  other  than  comparisons  based  upon 
size,  which  indicate  a larger  species  of  Cabassous  than  those  still 
living. 

Comparisons . — The  greater  size  of  BMNH  18881,  a left  tibia-fibula 
of  Cabassous  from  the  caverns  of  Minas  Gerais  is  evident  when  com- 
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pared  with  adult  C.  tatouay  (BMNH  48)  and  C.  u.  squamicaudis 
(AMNH  133318),  respectively:  greatest  length — 74,  66,  49;  greatest 
distal  width — 26,  22,  19;  greatest  proximal  width — 26.5,  22.5,  19.5. 

Comments.—  My  reference  of  specimens  to  C.  antiquus  must  be 
provisional  as  the  name  is  based  upon  two  large  scutes  of  Cabassous 
illustrated  by  Lund  ( 1 84 1 [ 1 840] : PI . 14,  Figs.  5 and  8).  I did  not  examine 
these  scutes. 

BMNH  18881  was  the  only  specimen  examined  that  could  not  be 
assigned  to  one  of  the  extant  species  of  Cabassous.  It  also  seems  likely 
that  literature  citations  of  another  specimen,  since  lost  (G.  J.  S.  Yane, 
personal  communication),  should  be  referred  to  a large,  extinct  species 
of  Cabassous.  This  is  a left  humerus  from  Sao  Paulo,  Iporanga  cav- 
erns, reported  by  Ameghino  (1907:73).  My  estimate  of  its  greatest 
length,  from  measurement  of  Ameghino’s  Fig.  4,  can  be  compared 
with  C.  tatouay  (AMNH  133317)  and  C.  u.  squamicaudis  (AMNH 
133318),  respectively:  72,  66,  59.  Ameghino’s  statement  that  the  hu- 
merus was  more  than  1 cm  longer  than  that  of  Cabassous  unicinctus 
uses  the  latter  species  in  the  sense  of  its  being  the  smallest  Cabassous 
of  that  region,  C.  u.  squamicaudis.  Paula  Couto  (1975:105)  referred 
the  Ameghino  citation  to  the  large  species  still  occurring  in  that  region, 
C.  tatouay,  as  C.  unicinctus . He  later  (1979:222)  returned  to  the  use 
of  C.  antiquus  as  a subfossil  of  the  caves  of  Iporanga,  Sao  Paulo, 
while  citing  C.  unicinctus  (=C.  tatouay ) as  both  a fossil  and  Recent 
species  in  the  region  of  the  valley  of  Rio  Velhas,  Minas  Gerais. 

Specimen  examined. — Brazil:  Minas  Gerais — no  other  locality,  other  than  “caves 
of  . . . .”  BMNH  18881. 
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Nikgs  Solounias1 
Abstract 

j Seven  species  of  small  mammals  have  been  recovered  from  a Turolian  locality  in  the 
Mytilinii  Formation  on  Samos,  Greece-  -the  iesectivore  Galerix  atticus  (Erinaceidae); 
and  the  rodents  Spermophilinus  cf.  S.  bredai  (Sciuridae),  Byzantinia  hellenicus,  Pseu- 
domeriones  pythagorasi,  Pliospalax  cf.  P.  sotirisi  (Cricetidae),  Occitanomysl  provoc- 
ator  (Muridae),  and  Hystrix  primigenia  (Hystricidae).  Only  three  of  these  species — -the 
erinaceid,  murid,  and  hystricid-— occur  at  Pikermi.  The  Samos  micromammalian  locality 
I appears  to  represent  a paleosoi;  the  microfaunal  remains  may  have  been  deposited  in 
I owl  pellets.  The  rodents  suggest  a drier,  more  open  habitat  than  that  in  which  the 
j Pikermi  small  mammals  lived. 

| 

Introduction 

' The  Turolian  (late  Miocene)  bone  beds  of  Samos  Island,  Greece,  are 
world  famous  for  their  large  quantities  of  well  preserved  fossil  mam- 
j mals.  Notable  is  the  abundance  of  skulls  and  complete  bones,  although 
j partial  or  complete  skeletons  are  uncommon.  The  fauna  of  Samos  is 

1 Address:  Department  of  Geology,  University  of  Colorado,  Boulder,  Colorado  80203. 
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very  similar  to  the  fauna  of  Pikermi,  another  well  known  Turolian 
locality  in  Greece.  Both  localities  have  been  repeatedly  excavated 
since  the  early  part  of  the  nineteenth  century  and  the  fossils  are  now 
distributed  in  many  European  and  North  American  museums.  The 
species  diversity  at  Samos  and  Pikermi  is  one  of  the  largest  known  for 
the  Eurasian  late  Miocene  (Solounias,  1981). 

Micromammals,  while  not  common  at  these  Turolian  localities,  have 
been  found  at  both  Pikermi  and  Samos  (Dames,  1883;  Schaub,  1926; 
Abu  Bakr,  1959;  Freudenthal,  1970;  de  Bruijn,  1976).  At  Samos  Quarry 
A,  Forsyth-Major’s  1887  main  excavation,  two  small  mammals  were 
found  among  nearly  3,000  bones  of  large  mammals.  These  were  a skull 
of  Parapodemus  gaudryi  (Schaub,  1926)  and  a complete  skull  and  jaw 
of  Samonycteris  majori  (Revilliod,  1922).  Bamum  Brown’s  1924  Quar- 
ry 4 yielded  approximately  four  hundred  specimens  of  larger  mammals 
but  only  one  maxilla  of  Byzantinia  hellenicus  (Freudenthal,  1970;  de 
Bruijn,  1976). 

Recently,  the  Dutch  and  Greek  teams  from  Utrecht  and  Athens  uni- 
versities recovered  a few  micromammals  at  a new  Pikermi  locality 
(Homateri),  8 m above  an  unexcavated  bone  bed  (Rumke,  1976;  de 
Bruijn,  1976;  Martinez,  1976). 

Geology 

The  Turolian  Samos  fauna  is  recovered  from  the  Mytilinii  Formation 
of  the  Eastern  Basin  (Fig.  1).  Several  older  formations  within  the  East- 
ern Basin,  which  had  not  previously  been  prospected  for  vertebrate 
fossils,  are  being  studied  at  present.  Twelve  of  the  fifteen  bone  beds 
occur  in  the  uppermost  part  of  the  Mytilinii  and  span  no  more  than  100 
m of  section;  three  minor  fossiliferous  horizons  occur  in  the  lower  part 
of  the  Mytilinii.  The  Mytilinii  contains  abundant  tuffs  which,  according 
to  K-Ar  dates  of  Van  Couvering  and  Miller  (1971),  are  approximately 
8.5  Ma  old  (Turolian);  the  total  thickness  of  the  Mytilinii  (290  m)  prob- 
ably accumulated  in  no  more  than  0.5  Ma. 

The  sediments  of  the  Mytilinii  Formation  accumulated  along  the 
eastern  foot  of  the  uplifted  marble  basement  and  the  older  Neogene 
formations.  The  Mytilinii  is  subdivided  into  a number  of  distinct  units. 
The  lowest  unit,  the  Old  Mill  Beds,  contain  uniformly  bedded  alter- 
nating tuffs,  marls,  and  volcaniclastic  sediments.  Basement  gravels 
occur  throughout  these  beds,  which  have  been  interpreted  as  channel 
and  overbank  deposits.  The  next  unit,  the  massive  Gravel  Beds,  is 
composed  of  Neogene  and  basement  pebbles.  It  is  similar  to  the  Old 
Mill  Beds,  but  with  more  channels  and  less  overbank  deposits.  The 
White  Beds  consist  of  limestones,  indurated  marls,  and  massive  brec- 
cia deposits.  The  breccia  contains  primarily  reworked  Hora  limestone 
rubble  fragments  and  could  be  similar  in  origin  to  the  bone  beds.  The 
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Fig.  1.— Geologic  map  of  the  Eastern  Basin,  Samos  (main  quarry  region).  Most  faults 
taken  from  Meissner  (1976). 


White  Beds  represent  deposits  from  small  pools  of  standing  water,  as 
well  as  flood  plain  and  paleosol  deposits.  The  Main  Bone  Beds  are 
approximately  100  m thick  and  are  primarily  fine  silts  and  clays,  rep- 
resenting flood  plain  deposits.  Angular  conglomerates  represent  small 
ephemeral  stream  deposits.  The  tuffs  were  reworked  before  deposi- 
tion. Most  of  the  quarries  occur  within  the  Main  Bone  Bed  unit,  pri- 
marily in  individual  flood  cycle  overbank  deposits;  in  a few  cases, 
they  occur  in  paleosol  deposits.  The  Marker  Tuffs  form  the  uppermost 
part  of  the  Mytilinii.  This  series  of  tuffs  occurs  throughout  the  basin 
and  interfingers  with  the  Kokkarion  Formation  to  the  southeast.  The 
Kokkarion  is  primarily  freshwater  limestones  laterally  equivalent  to 
and  overlying  the  Mytilinii  Formation. 

Of  the  15  bone  beds  known  within  the  Mytilinii  Formation  on  Samos 
(Solounias,  1981),  most  have  been  worked  extensively  over  the  last 
100  years  and  are  no  longer  productive.  Quarry  4 of  1887,  where  Sa~ 
monycteris  and  Parapodemus  were  discovered,  was  excavated  by  the 
Germans  until  1920  and  the  region  is  now  covered  by  a dense  pine 
forest  with  undergrowth.  Examination  of  ant  hills  in  the  area  was  un- 
productive. 

During  the  1976  field  season,  approximately  20  sites  were  sampled 
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(S-l  through  S-20)  and  only  two  (Q-l  and  S-3)  were  productive.  Screen 
washing  of  one  ton  of  matrix  from  Barnum  Brown’s  1924  Quarry  1 
dump  produced  only  two  rodent  incisors.  Quarries  A,  1,  and  5 had 
been  very  prolific  in  their  yield  of  large  mammals,  but  the  sediments 
lateral  to  these  localities  were  unproductive.  In  contrast,  Quarry  2 was 
not  as  rich  as  the  others,  but  horizons  lateral  to  it  often  contained 
bone,  coprolites,  and  snails.  The  surface  of  one  area  produced  small 
snails,  an  M3  of  Samotherium,  a distal  fibula  of  Thalassictis,  and  many 
unidentifiable  bone  fragments.  Matrix  from  two  horizons  there,  S-2 
and  S-3,  were  washed.  S-2  is  a freshwater  limy  marl  which  did  not 
break  down.  S-3,  a horizon  of  soluble  clay  immediately  above  S-2, 
initially  yielded  a nodule  containing  two  skulls  of  Byzantinia  hellenicus 
with  a few  other  postcranial  bones.  Several  teeth  and  many  rodent 
postcranial  remains  were  subsequently  recovered  from  a small  exca- 
vation of  approximately  two  cubic  meters.  In  April,  1979,  fifty  teeth 
representing  seven  species  of  small  mammals  (Table  1)  were  recovered 
from  three  tons  of  washed  matrix  from  S-3. 

S-3,  the  most  productive  micromammalian  locality,  is  in  the  lower 
section  of  the  Main  Bone  Beds  of  the  Mytilinii  Formation.  Quarry  4, 
S-2,  S-3,  and  S-4  are  geographically  within  300  m of  one  another  (Fig. 
1).  Due  to  minor  compressional  and  extensional  block  faulting  and 
folding,  and  the  absence  of  marker  horizons,  the  exact  stratigraphic 
position  of  S-4  is  not  known.  Nevertheless,  it  is  no  more  than  10  m 
higher  or  lower  than  S-3.  Barnum  Brown  excavated  two  horizons  at 
Quarry  2,  but  the  collection  at  The  American  Museum  of  Natural  His- 
tory does  not  distinguish  between  them.  Most  of  the  fossils  probably 
came  from  the  upper  Q-2  horizon  (John  Skaros,  personal  communi- 
cation). S-3  is  approximately  4 m higher  than  that  upper  horizon 
and  35  m away,  whereas  S-2  is  approximately  at  the  same  level  as 
the  upper  Q-2  horizon. 

A number  of  lithologies  occur  in  the  Main  Bone  Beds  in  the  Potamies 
District  (Figs.  2 and  3):  (a)  the  most  common  lithology  is  poorly  sorted 
volcaniclastic  marls  and  mudstones  from  50  to  150  cm  thick.  The  bed- 
ded gravels  and  pebbles  within  these  marls  are  largely  erosional  debris 
from  the  Hora  limestones  with  occasional  clay  casts  and  pumice  peb- 
bles; (b)  unstratified  marls  and  mudstones  of  similar  thickness  as  (a) 
showing  little  bedding  and  differing  from  (a)  in  being  better  sorted. 
These  units  in  particular  are  highly  fossiliferous  (Quarry  2)  but,  as  was 
previously  mentioned,  exposed  bone  beds  have  been  exhausted;  (c) 
clay  nodule  horizons  within  (a)  and  (b)  are  only  one  nodule  in  thickness 
(3-10  cm)  and  are  not  laterally  continuous  for  more  than  6 to  8 m.  In 
some  cases  the  clay  nodule  horizons  seem  to  be  in  a thin,  indurated 
limy  bed  that  was  partly  eroded,  and  clay  films  have  been  observed 
on  a few  of  the  nodules.  Most  clay  nodules  are  composed  of  the  same 
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CROSS  SECTION  OF  THE  MAIN  BONE  BEDS  AT  S 3 

Marker  Tuffs 


Fig.  2. — Cross-section  of  the  Main  Bone  Beds  at  S-3.  Quarries  4,  1,2,  and  A have  been 
laterally  moved  into  this  section  to  show  stratigraphic  relationships.  The  direction  of  the 
cross-section  as  shown  in  Fig.  1.  The  displacement  of  the  faults  is  approximate. 


material  as  the  surrounding  rock.  S-4  and  other  one-bone-thick  accu- 
mulations occur  within  the  clay  nodule  horizon;  (d)  well-defined  lentic- 
ular gravel  and  pebble  conglomerates,  from  4 to  5 m thick,  are  mainly 
unsorted  angular  Hora  limestone  fragments,  and  are  often  imbricated; 
(e)  pumice  tuffs  are  50  to  150  cm  thick  and  are  well  bedded.  Certain 
tuffs  change  laterally  into  sands  and  eventually  into  conglomerates. 
Most  tuffs  fine  upward  and  their  lower  contact  is  often  transitional 
with  the  marl  below;  however,  the  upper  contact  of  a tuff  with  a marl 
or  another  tuff  is  abrupt.  The  tuffs  have  been  interpreted  as  water  lain. 
The  marls  and  tuffs  alternate  in  a random  sequence  and  the  gravel  and 
the  conglomerates  occur  almost  always  within  the  marls  rather  than 
the  tuffs.  Unlike  the  upper  section  of  the  Main  Bone  Beds,  where  bone 
occurs  only  at  the  Quarries  L,  1,  3,  5,  and  6,  the  lower  section  is 
productive  throughout,  yielding  bone,  root  casts,  insect  burrows,  cop- 
rolites,  and  snails. 

Lithologies  (a)  and  (b)  have  been  interpreted  as  overbank  vertical 
accretionary  deposits  of  sediment  which  have  rapidly  [(a)  lithology]  or 
slowly  [(b)  lithology]  settled  from  a waning  current.  Such  deposits  are 
usually  formed  near  the  river  channel  on  a flood  plain.  The  clay  nodule 
horizons  have  been  interpreted  as  parts  of  paleosols  that  may  have 
been  saturated  with  standing  water.  The  gravel  and  pebble  conglom- 
erates resemble  recent  small  channels  and  have  been  interpreted  as 
such.  Since  most  pebbles  are  unsorted  and  angular,  they  appear  to 
represent  ephemeral  stream  and  flash  flood  deposits.  Bone  beds  would 
be  formed  in  a similar  fashion  when  flash  floods  accumulate  bones  and 
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Fig.  3.— Stratigraphic  section  at  S-3. 


carcasses.  Most  of  the  channels  are  narrow  and  deep  and  probably 
developed  after  droughts,  when  new  streams  cut  deeply  into  the  strata 
but  were  not  well  developed  laterally.  Repetition  of  these  depositional 
events  produced  cycles  that  record  flood  plain  and  flash  flood  deposits, 
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filling  a basin  next  to  the  uplifted  basement  and  lower  Neogene  strata. 
This  is  confirmed  by  the  orientation  of  most  of  the  paleocurrents  ex- 
amined. Periods  of  nearby  volcanic  activity  are  indicated  by  the  de- 
position of  the  tuffs;  the  volcanic  source  is  unknown. 

Fig.  3 shows  the  local  section  at  S-3.  All  of  the  S-3  bone  comes  from 
a one-meter  layer  of  unstratified  marl  of  type  (b)  lithology,  is  concen- 
trated in  the  middle  of  that  unit,  and  is  well  preserved.  The  marl  occurs 
directly  below  a small,  lenticular  pebble  conglomerate  of  type  (d)  li- 
thology that  is  50  cm  thick.  The  concentration  of  bone  at  S-3  tapers 
off  rapidly  laterally  from  the  spot  of  the  original  1976  excavation. 

The  fauna  recovered  from  S-3  includes  insect  burrows,  a few  fresh-  • 
water  snails  ( Rumina  decollata,  Parmacella  sp.,  Hellicella  sp.),  a tur- 
tle ( Testudo  cf.  T.  marmorum),  one  lizard  jaw  fragment  (Varanus  sp.), 
egg  shell  fragments  (Aves  indet.),  unidentifiable  fragments,  as  well  as 
a few  specimens  of  larger  mammals  ( Thalassictis  wongii,  Hyaenictis 
eximia,  Hipparion  proboscidium,  Hipparion  die  trichi,  Samotherium 
boissieri ),  many  skeletal  fragments  of  small  mammals,  as  well  as  52 
teeth  and  two  skulls. 

The  micromammalian  accumulation  resembles  that  in  owl  pellets 
that  have  been  weathered  and  slightly  dispersed.  The  two  skulls  of 
Byzantinia  hellenicus  are  broken  behind  the  orbits  and  were  associated 
in  a nodule  containing  other,  presumably  B,  hellenicus,  bones.  The 
preservation  in  the  nodule  and  the  condition  of  the  additional  micro- 
mammalian skeletal  material  from  S-3  is  similar  to  that  found  in  owl 
accumulations  described  by  Mellett  (1974),  Fulk  (1976),  and  Dodson 
and  Wexlar  (1979).  We  have  interpreted  the  fossiliferous  layer  at  S-3 
as  representing  a paleosol. 

S-2  is  a limy,  discontinuous  marl  and  yielded  skulls  of  Protoryx 
laticeps  and  Protoryx  crassicornis,  fragments  of  Gazella  jaw  and  horn 
core,  and  an  isolated  M3  of  Samotherium  boissieri.  The  S-2  sediments 
seem  to  be  the  result  of  deposition  in  standing  muddy  water. 

S-4  is  a layer  of  bone  within  a clay  nodule  horizon.  All  of  the  ex- 
cavated elements  were  aligned  against  the  current  flow  indicating  a 
shallow  water  depositional  regime.  Jaws  and  limb  elements  were  coat- 
ed with  indurated  marl.  The  sample  from  S-4  contains  Protoryx,  Chi- 
lotherium  samium,  and  Hipparion  proboscidium. 
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of  Research  from  Sigma  Xi,  several  grants  from  the  Walker  Van  Riper  Fund,  and  a 
grant  from  the  M.  Graham  Netting  Research  Fund  of  Carnegie  Museum  of  Natural 
History  through  a grant  from  the  Cordelia  Scaife  May  Charitable  Trust. 

Methods 

All  measurements  are  given  in  millimeters  (mm).  Specimens  are  housed  in  the  Institute 
of  Geological  and  Mining  Research,  Athens,  Greece;  the  Musee  Geologique  de  Lau- 
sanne, Switzerland;  The  American  Museum  of  Natural  History  (AMNH);  the  University 
of  Colorado  Museum  (UCM);  and  Carnegie  Museum  of  Natural  History  (CM).  Abbre- 
viations used:  M,  mean;  N,  number;  OR,  observed  range;  L,  length;  W,  width;  AW, 
anterior  width;  PW,  posterior  width. 

Systematics 

Order  Insectivora 
Family  Erinaceidae 
Galerix  Pomel,  1848 
Galerix  atticus  Rumke,  1976 
Fig.  6 

Material. — CM  38357,  RP;  CM  36286,  RM2;  CM  38358,  RMt. 

Description. — P4  (L  = 2.25;  W = 2.9)  is  essentially  rectangular  in  occlusal  view,  ex- 
cept for  the  large  and  posterolabially  projecting  metastylar  lobe  that  is  partially  set  off 
from  the  remainder  of  the  crown  by  a deep  labial  emargination.  The  anterior  border  is 
also  emarginate  lingual  to  the  small  parastyle.  The  paracone  is  tall,  large,  and  rounded; 
the  protocone  is  comparatively  much  lower  and  approximately  one-quarter  the  size  of 
the  paracone;  the  hypocone  is  lower  and  smaller  than  the  protocone.  Conules  are  absent 
on  P4. 

M2  (L  = 2.2;  W = 3.3),  also  rectangular  in  crown  view,  has  convex  and  concave 
anterior  and  posterior  margins,  respectively.  The  six  main  cusps  are  subcrescentic  with 
long  lingual  slopes,  and  are  aligned  labiolingually  into  two  arcuate  rows  that  are  parallel 
to  one  another  and  to  the  anterior  and  posterior  margins  of  the  crown.  The  paracone, 
paraconule,  and  protocone  form  the  anterior  row;  the  metacone,  metaconule,  and  hy- 
pocone form  the  posterior  one.  A narrow  median  valley  separates  the  two  rows  labial 
to  the  joined  hypocone  and  protocone.  The  paracone,  slightly  taller  and  more  com- 
pressed anteroposteriorly  than  the  metacone,  occurs  more  lingually  than  the  latter.  The 
metaconule  is  more  labial  on  the  crown  than  the  paraconule,  and  approximately  twice 
as  large.  The  protocone,  higher  and  narrower  at  the  base  than  the  hypocone,  also  slopes 
farther  lingually.  Although  both  cusps  share  a common  lingual  wall,  they  are  demarcated 
lingually  by  a vertical  indentation.  The  protoconal  root  is  joined  to,  but  approximately 
twice  as  large  as,  the  hypoconal  one.  The  protocristae  are  continuous  and  aligned  antero- 
posteriorly. The  posthypocrista  merges  with  the  posterior  cingulum,  leaving  the  meta- 


Fig.  4. — Spermophilinus  cf.  S.  bredai.  CM  36299,  RMlor2,  approx.  xlO. 

Fig.  5 .—Pliopalax  cf.  P.  sotirisi.  a)  CM  36286,  LM2;  b)  CM  36301,  LM3;  approx.  xlO. 

Fig.  6.— Galerix  atticus.  a)  CM  36286,  RM2;  b)  CM  38357,  RP4;  c)  CM  38358,  RM^ 
approx.  xlO. 
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conule  isolated,  whereas  the  preprotocrista  extends  to  the  paraconule.  Four  stylar  cusps 
occur  on  the  narrow  stylar  shelf — a conical  parastyle  and  metastyle  at  the  end  of  the 
preparacrista  and  postmetacrista,  respectively;  and  two  well-developed  and  adjacent 
mesostyles,  one  on  either  side  of  the  midline,  at  the  ends  of  postparacrista  and  pre- 
metacrista. 

On  M,  (L  = 2.9;  AW  = 1.85;  PW  = 2.0)  the  trigonid  is  compressed  anteroposteriorly 
and  slightly  higher  than  the  talonid.  The  protoconid,  lingually  inclined,  is  subcrescentic 
and  linked  by  a strong,  high  paracristid  to  a labiolingually  elongate  paraconid.  The 
metaconid  is  conical,  higher  than  the  paraconid,  but  slightly  lower  than  the  protoconid. 
The  talonid  is  four-cusped.  The  hypoconid,  also  subcrescentic,  and  the  entoconid,  com- 
pressed labiolingually,  are  subequal,  whereas  a third,  much  smaller  and  lower  accessory 
cuspule  occurs  in  the  valley  between  them  (=the  second  entoconid  in  Rumpke,  1976). 
These  three  cusps  are  aligned  in  a labiolingual  row  parallel  to  the  posterior  wall  of  the 
trigonid.  The  fourth  cusp,  a strong,  shelf-like  entostylid,  forms  the  posterolingual  corner 
of  the  talonid  and  is  continuous  anteriorly  with  the  entoconid  and  labially  with  a broad, 
ventrolabially  sloping  postcingulid.  The  cristid  obliqua  joins  the  trigonid  below  and  labial 
to  the  apex  of  the  protoconid  and  the  hypocristid  ends  lingually  on  the  labial  face  of  the 
accessory  cuspule. 

Discussion. — G.  atticus , known  previously  from  Pikermi  (Turolian) 
and  possible  Biodrak  (Vallesian)  (Rumpke,  1976),  is  distinguished  from 
other  species  of  Galerix  by  the  structure  of  the  talonid  on  Mx — a large 
entostylid,  an  isolated  hypoconid,  and  an  accessory  cuspule  between 
the  latter  and  the  entoconid — and  the  presence  of  well-developed  me- 
sostyles, an  isolated  metaconule,  and  conjoined  protocone  and  hypo- 
cone  on  M2. 

In  contrast  to  these  teeth  in  G.  atticus , on  M2  of  G.  exilus  the 
mesostyles  are  weak  or  absent,  the  hypocone  is  isolated,  and  the  post- 
protocrista joins  the  metaconule.  M2  of  G.  socialis  also  lacks  meso- 
stylar  development,  and  Mj  has  neither  an  entostylid  nor  a cuspule 
between  the  entoconid  and  hypoconid.  Instead,  the  hypocristid  ex- 
tends to  the  posterior  cingulid  (Engesser,  1972).  G.  moedlingensis 
from  Pikermi  and  the  Vienna  Basin  has  a P4  with  a less  well-separated 
metastylar  lobe,  and  an  M2  without  an  accessory  cuspule  and  with  a 
much  weaker  entostylid.  Descriptions  of  G.  zapfei  from  the  Kohfidisch 
Fissures  (Bachmayer  and  Wilson,  1970)  imply  that,  except  for  a single 
rather  than  two-rooted  P2,  this  species  is  dentally  indistinguishable 
from  G.  atticus.  But,  as  Rumpke  (1976)  noted,  the  figures  of  G.  zapfei 
(Bachmayer  and  Wilson,  1970;  Rabeder,  1973)  do  not  show  the  degree 
of  development  of  the  molar  talonid  structures  that  is  distinctive  in  G. 
atticus. 

Family  Sciuridae 

Spermophilinus  de  Bruijn  & Mein,  1968 
Spermophilinus  cf.  S.  bredai  (v.  Meyer,  1848) 

Fig.  4 

Material. — CM  36299,  RMlor2  (L  = 1.554;  W = 1.95). 

Description. — The  anterior  cingulum  is  broad,  with  a low  parastyle.  The  protoloph  is 
complete,  but  with  no  distinct  protoconule.  The  metaloph  passes  diagonally  from  the 
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metacone  to  a clear  metaconule  which  in  turn  is  joined  by  a thin  ridge  to  the  protoconule. 
There  is  a very  small  mesostyle  at  the  buccal  base  of  the  metacone. 

Discussion. — The  tooth  is  similar  to  upper  molars  of  Spermophilinus 
bredai  from  La  Grive.  This  species  has  been  reported  from  Crete  (de 
Bruijn  et  al.,  1971,  1972)  and  a larger  species,  Spermophilinus  gigan- 
teus,  has  been  described  from  the  Maritsa  I locality  on  Rhodes  (de 
Bruijn  et  al.,  1970).  Following  de  Bruijn  and  van  der  Meulen  (1979), 
the  occurrences  on  Crete  would  be  older  than  the  Samos  find,  whereas 
the  Rhodes  species  of  Spermophilinus  is  younger.  Spermophilinus  bre- 
dai is  known  from  the  early  Turolian  of  Kohfidisch  (Bachmayer  and 
Wilson,  1970),  a fauna  that  is  very  close  in  age  to  the  Samos  assem- 
blage. The  suggestion  that  S.  bredai  existed  later  in  central  and  south- 
east Europe  than  in  western  Europe  (de  Bruijn  et  al.,  1971:13)  is  sub- 
stantiated by  the  Samos  occurrence.  No  sciurids  are  known  at  present 
in  the  Pikermi  fauna. 


Family  Cricetidae 

Subfamily  Cricetodontinae  Stehlin  & Schaub,  1957 
Byzantinia  de  Bruijn,  1976 
Byzantinia  hellenicus  (Freudenthal,  1970) 

Fig.  7 

Holotype.—AMNH  29766,  RNP-M3. 

Hypodigm.—  UCM  43604  and  43605,  partial  skulls;  CM  36258,  UVF-M3;  CM  36269, 
RMj-M3;  CM  36270,  LM2-M3;  AMNH  23000,  RMj-M2;  UCM  43615-43618  and  CM 
36260,  36261,  M,;  UCM  43606,  43610,  43619  and  CM  36266,  36280,  M2;  UCM  43607, 
M3;  UCM  43620,  43621,  43623  and  CM  36274-36276,  36290,  Mi;  UCM  43608,  43609, 
43611,  43622,  43624  and  CM  36281,  36289,  M2;  UCM  43612-43614  and  CM  36283,  M3. 

Description. — There  are  two  partial  skulls,  one  preserving  parts  of  the  palate,  the 
zygoma,  and  all  cheek  teeth,  and  the  other  preserving  the  snout,  incisors  and  palate  in 
a slightly  crushed  condition.  The  snout  is  long  and  narrow  more  as  in  Cricetodon  and 
Democricetodon  than  in  Megacricetodon  and  Ruscinomys  (Hartenberger,  1967).  The 
nasals  are  slender  with  the  nasofrontal  suture  parallel  to  the  posterodorsal  termination 
of  the  zygomatic  arch.  The  maxillary-premaxillary  suture  begins  just  anterior  to  the 
anterior  border  of  the  infraorbital  (IOF)  foramen  with  the  premaxilla  forming  the  medial 
wall  of  the  anterior  portion  of  the  infraorbital  canal.  The  premaxilla  passes  to  the  dorsal 
surface  of  the  skull  meeting  the  frontals  at  the  point  of  the  frontalnasal  suture.  The 
maxilla  forms  the  entire  dorsal  roof  of  the  zygoma  and  the  lateral  wall  of  the  IOF.  The 
zygomatic  plate  is  almost  vertical  to  the  palatal  surface.  It  sweeps  sharply  upwards  from 
opposite  the  middle  of  M1  and  terminates  dorsally  in  line  with  the  anterior  end  of  M1. 
The  origin  of  the  lateral  masseter  is  clearly  set  off  by  lateral  and  medial  ridges  which 
delimit  the  zygomatic  plate.  The  plate  terminates  dorsally  in  a deep  angular  notch.  The 
IOF  is  large  and  oval.  The  anterior  limit  of  the  origin  of  the  medial  masseter  is  marked 
by  a low  ridge  on  the  premaxilla  just  above  and  anterior  to  the  opening  of  the  IOF. 

The  incisive  foramina  are  moderately  elongate,  terminating  opposite  the  anterior  end 
of  M1.  The  palate  is  narrow  and  the  cheek  teeth  converge  posteriorly.  The  upper  incisor 
is  grooved  and  there  is  a faint  rib  on  the  lower  incisor. 

The  upper  molars  decrease  in  size  significantly  from  M1  to  M3.  All  cusps  and  lophs 
slope  posteriorly  with  the  lophs  enclosing  two  deep  fossettes  on  all  molars.  The  anterior 
lobe  of  M1  is  composed  of  two  distinct  cusps,  the  buccal  cusp  being  the  larger  of  the 
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Byzantinia  hellenicus.  a)  CM  36274,  LM,;  b)  CM  36270,  LM^;  c)  CM  36258,  LM’-M3;  approx,  x 10. 
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Table  1. — Dimensions  of  teeth  of  Byzantinia  hellenicus. 


Teeth 

Characters 

B.  hellenicus 

B. 

pikermiensis 

N 

M 

OR 

M1 

L 

9 

3.61 

3.50-3.70 

W 

7 

3.42 

2.30-2.55 

M2 

L 

8 

2.72 

2.55-2.90 

2.30-2.40 

W 

9 

2.10 

2.00-2.20 

1.80 

M3 

L 

6 

2.17 

2.15-2.30 

1.90-2.10 

W 

6 

1.81 

1.70-1.95 

1.60-1.80 

M, 

L 

7 

2.84 

2.70-2.95 

2.30-2.60 

W 

7 

1.80 

1.70-1.90 

1.50-1.65 

m2 

L 

8 

2.78 

2.65-2.90 

2.45-2.50 

W 

8 

1.96 

1.85-2.10 

1.80-1.85 

m3 

L 

5 

2.49 

2.40-2.60 

2.15-2.40 

W 

6 

1.83 

1.75-1.90 

1.60 

two.  Freudenthal  (1970)  has  given  a detailed  description  of  the  upper  dentition.  We 
would  only  add  that  on  M3  the  metacone  is  displaced  posterointernally  so  that  there  is 
only  a faint  groove  on  the  posterior  face  of  the  tooth  between  it  and  the  hypocone. 

A description  of  the  lower  dentition  of  Byzantinia  hellenicus  has  not  been  published 
previously,  although  a jaw  of  the  species  was  reported  by  Abu  Bakr  as  Cricetodon 
magnum  (1959).  The  lower  molars  are  more  nearly  of  equal  size  with  almost  no  differ- 
ence in  length  between  M,  and  M2;  M3  is  only  slightly  shorter.  The  first  lower  molar 
shows  a well  developed  anteroconid  connected  to  the  protolophid  in  the  midline  of  that 
crest.  The  major  cusps  all  lean  anteriorly  and  all  crests  are  directed  towards  the  front 
of  the  teeth.  There  is  a small  short  mesolophid  on  Mj  which  closes  off  the  anterior 
fossettid  well  below  the  top  of  the  metaconid.  The  posterior  fossettid  is  open  much 
longer,  only  being  closed  off  near  the  base  of  the  entoconid.  The  posterior  crest  from 
the  hypoconid  is  short  and  terminates  in  a distinct  hypoconulid.  The  two  external  and 
single  internal  valleys  are  very  deep. 

There  is  no  anteroconid  on  M2 , but  a small  shelf  is  present  near  the  base  of  the  tooth 
crown  on  the  anteroexternal  surface.  The  metalophid  projects  sharply  anteriorly.  The 
mesolophids  and  posterolophids  are  short  and  a distinct  hypoconulid  is  present.  There 
is  only  a single  external  valley,  with  both  the  internal  and  external  valleys  deep  as  on 

Mp 

The  posterior  half  of  M3  is  compressed  laterally  with  the  entoconid  and  hypoconid 
closely  appressed  and  the  posterior  fossettid  opening  at  the  rear  of  the  tooth  in  a narrow 
but  deep  notch.  The  anterior  half  of  M3  is  basically  similar  to  that  of  M2. 

Discussion. — de  Bruijn  (1976)  has  reviewed  the  species  of  Byzan- 
tinia and  has  pointed  out  the  dental  differences  between  that  genus 
and  Ruscinomys.  In  addition  to  those  differences,  the  skull  of  Byzan- 
tinia, now  known  for  the  first  time,  has  a longer  and  narrower  snout 
and  palate  than  does  Ruscinomys.  The  two  genera  appear  to  be  quite 
distinct. 

Byzantinia  hellenicus  is  considerably  larger  than  B.  pikermiensis 
(Table  1),  but  the  two  are  nearly  identical  in  dental  morphology. 
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Table  2.- — Dimensions  of  teeth  of  P.  pythagorasi. 


Teeth 

Characters 

P.  pythagorasi 

P.  abbreviatus 

OR 

M 

N 

M 

M1 

L 

2.35-2.50 

2.44 

4 

3.05 

w 

1.60-1.70 

1.67 

4 

1.68 

Mi 

L 

2.20-2.25 

2.22 

3 

2.57 

w 

1.35-1.50 

1.44 

3 

1.55 

Subfamily  Gerbillinae 
Pseudomeriones  Schaub,  1934 
Pseudomeriones  pythagorasi,  new  species 
Fig.  8 

Holotype.— CM  36305,  RM„ 

Hypodigm.— CM  36303,  36304,  36307,  36284,  M1;  CM  36306,  36298,  Ml 

Diagnosis. — Smaller  than  Pseudomeriones  abbreviatus  by  about 
20%;  posterior  arm  of  the  hypoconid  stronger  than  in  P.  abbreviatus ; 
the  cusps  of  M1/!  are  more  alternate  than  in  P.  abbreviatus  and  MVj 
are  not  as  narrow. 

Description.—  The  first  upper  and  lower  molars  are  elongate,  but  not  as  narrow  in 
proportion  to  length  as  those  of  P.  abbreviatus  (Table  2).  The  cusps  are  only  slightly 
alternate  and  the  central  longitudinal  crest  connecting  the  transverse  crests  is  narrow. 
On  M1  the  posterior  arm  of  the  hypocone  is  short  but  distinct.  All  trace  of  this  arm  is  lost 
with  wear.  On  M,  the  posterior  hypoconid  arm  is  distinct  and  remains  so  until  the 
tooth  is  well  worn.  There  is  a prominent  crest  on  Mj  which  passes  posterobuccally 
from  the  anteroconid  closing  off  a portion  of  the  anterobuccal  reentrant. 

Discussion. — Pseudomeriones  was  first  described  from  China  with 
original  material  named  Lophocricetus  abbreviatus  (Teilhard  de  Char- 
din, 1926)  and  Gerbillus  matthewi  (Young,  1927).  Schaub  (1934)  es- 
tablished the  genus  Pseudomeriones  for  this  material.  Pseudomeriones 
abbreviatus  was  later  reported  from  the  Isle  of  Rhodes,  Greece,  by  de 
Bruijn  et  al.  (1970)  from  the  locality  Maritsa  I.  Later  Gerbillus ? sp. 
was  reported  by  de  Bruijn  (1976)  from  Kalithies,  Rhodes.  We  believe 
the  Kalithies  specimen,  a lower  first  molar,  is  referrable  to  Pseudo- 
meriones and,  based  on  its  size,  most  probably  belongs  in  P.  pytha- 
gorasi. Sen  (1978)  recorded  Pseudomeriones  abbreviatus  from  Calten, 


Fig.  8. — Pseudomeriones  pythagorasi,  new  species,  a)  CM  36303,  RM1;  b)  CM  36284, 
RM1;  c)  CM  36305  holotype,  RMj;  approx.  xlO. 

Fig.  9 ,—Occitanomysl  provocator.  a)  CM  36285,  LM,;  b)  CM36302,  RM1;  approx.  xlO. 
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Ankara,  Turkey,  a fauna  of  Pliocene  age  said  to  be  younger  than  the 
Maritsa  I fauna  of  Rhodes,  but  older  than  the  fauna  of  Tourkobounia- 
I from  outside  Athens  (de  Bruijn  and  van  der  Meulen,  1975).  More 
recently,  Armour-Brown  et  al.  (1979:619)  have  recorded  P.  abbrevi- 
atus  from  Ano  Metochi  3 in  Eastern  Macedonia,  a locality  believed  to 
be  of  late  Turolian  age.  No  measurements  or  descriptions  have  yet 
been  published  for  these  specimens,  but  they  may  also  be  referrable 
to  P.  pythagorasi  rather  than  the  younger  P.  abbreviatus,  or  they  may 
be  transitional  between  the  two  species. 

Daxner-Hock  (1972)  described  a new  genus,  Epimeriones,  which 
she  assigned  to  the  Subfamily  Gerbillinae.  Epimeriones  differs  from 
Pseudomeriones  and  modern  gerbils  in  that  the  molars,  when  unworn, 
show  a multitude  of  small  crests  and  shallow  basins  on  their  occlusal 
surfaces  (Daxner-Hock,  1972:  plate  1).  The  second  and  third  molars 
are  also  not  as  shortened  in  Epimeriones  as  in  Pseudomeriones  and 
modern  forms. 

In  overall  occlusal  morphology  and  proportions,  the  dentition  of 
Pseudomeriones  is  much  closer  to  that  of  Meriones  than  is  that  of 
Epimeriones.  Whether  the  latter  genus  has  any  true  relationship  to  the 
Gerbillinae  is,  we  believe,  open  to  serious  question.  We  would  agree 
with  de  Bruijn  et  al.  (1970:563)  that  Pseudomeriones  is  the  earliest 
member  of  the  subfamily  discovered  to  date. 

The  first  gerbilline  known  in  North  Africa  is  from  Amama  2,  Algeria 
(Jaeger,  1977:88).  This  form,  described  as  Protatera  algeriensis,  is  of 
late  Turolian  age  and  clearly  belongs  in  the  Tatera-Gerbillus  group  of 
gerbils  which  are  quite  distinct  dentally  from  the  Meriones-Psammo- 
mys  group.  Jaeger  (1977:117-119)  makes  a strong  case  for  the  deri- 
vation of  at  least  the  Tatera -like  gerbils  from  an  African  Myocriceto- 
don  stock  through  the  loss  of  the  longitudinal  crests  connecting  the 
transverse  crests  of  the  molars.  In  the  Meriones  group  a central  lon- 
gitudinal crest  is  a dominant  occlusal  feature  on  all  molars. 

The  presence  of  both  types  of  gerbilline  dentitions  during  the  Tur- 
olian, one  in  North  Africa  and  the  other  in  the  eastern  Mediterranean, 
suggests  very  early  separate  centers  of  origin  for  the  Meriones  and 
Tatera  groups;  the  former  perhaps  in  Asia  or  the  Middle  East,  the 
latter  in  North  Africa.  Other  members  of  the  Tatera-Xikt  group  are 
known,  but  as  yet  undescribed,  from  the  Langebaanweg  faunas  of 
South  Africa  (Pocock,  1976)  which  are  some  4 to  5 million  years  old. 

Subfamily  Spalacinae  Thomas,  1896 
Pliospalax  Kormas,  1932 

Pliospalax  cf.  P.  sotirisi  (de  Bruijn,  Dawson,  and  Mein,  1970) 

Fig.  5 

Material.— CM  36300,  LM2  (L  = 2.25,  W = 2.10)  and  36301,  LM3  (L  = 2.00,  W = 
1.90). 
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Description.— Based  upon  size  and  wear  stage,  these  two  teeth  probably  came  from 
the  same  individual.  M2  is  slightly  worn,  while  M3  is  unworn.  M2  has  a crown  height  of 
approximately  3,0  mm,  whereas  M3  has  a crown  height  of  3.2  mm.  On  M2  there  is  a 
small  circular  fossettid  at  the  anterobuccal  margin  of  the  occlusal  surface  which  repre- 
sents the  remnant  of  a short  shallow  anterior  reentrant  fold.  This  reentrant  is  still  pre- 
served on  M3  but  would  be  lost  with  minimal  wear.  The  central  lingual  reentrant  on  M2 
is  slightly  bifurcate  with  the  long  arm  passing  anterobuccally  between  the  metaconid 
and  protoconid.  The  posterior  arm  is  short  and  terminates  in  the  middle  of  occlusal 
surface.  On  M3  there  is  a shallow  anterobuccal  reentrant  anterior  to  the  metaconid.  The 
main  lingual  reentrant  on  M3  is  deep  and  long,  passing  across  the  crown  anteriorly 
between  the  protoconid  and  metaconid.  The  buccal  median  reentrant  on  M2  and  M3  is 
deep  but  short.  On  M3  there  is  a shallow  pit  between  the  median  reentrant  and  the 
entoconid.  On  M2  the  reentrant  between  the  entoconid  and  the  posterior  arm  of  the 
hypoconid  is  long  and  deep  internally  but  it  is  shallow  at  the  internal  margin  and  soon 
would  be  isolated  as  a fossettid. 

Discussion — de  Bruijn  and  van  der  Meulen  (1975:330)  distinguish 
Pliospalax  from  Spalax  and  Prospalax  on  the  presence  of  two  lingual 
and  two  buccal  reentrant  folds  on  unworn  M*  of  Pliospalax.  No  lower 
first  molars  are  yet  known  from  Samos  but  the  Samos  M2  is  close  to 
that  figured  as  P.  sotirisi  (de  Bruijn  et  al.,  1970:  plate  6,  fig.  la)  which 
shows  a small  anterobuccal  fossettid.  The  Samos  Pliospalax  M2  is 
slightly  larger  than  that  of  P.  sotirisi  but  they  are  quite  similar  in 
morphology.  No  spalacine  has  been  reported  from  Pikermi. 


Family  Muridae 
Occitanomys  Michaux,  1969 
Occitanomys?  provocator  de  Bruijn,  1976 
Fig.  9 

Material.— CM  36302,  RM1  (L  = 1.90;  W = 1.25);  CM  36285,  LM,  (L  - 1.85;  W = 
1.10);  partial  skull  (snout  to  rear  of  palate)  with  RM -Mz,  LM‘-M3  in  the  collection  of 
the  Musee  Geologique  in  Lausanne. 

Description.—  On  M1  tl  and  t4  are  distal  to  t3  and  t6,  respectively,  and  there  are  no 
posterior  spurs  from  t3  and  t6  to  t4  and  t9.  Both  tl  and  t4  are  rounded.  There  is  no  t4  to  t9 
connection.  There  is  no  tl  bis.  Z is  present.  On  M<  there  is  no  Sm,  but  there  is  a small  ante- 
rior shelf.  All  lingual  cusps  are  set  ahead  of  their  buccal  counterparts.  SI,  Sv,  Epd,  and 
Eod  are  joined  in  the  midline  of  the  occlusal  surface  through  a low,  thin  crest.  There  is  no 
longitudinal  crest  from  the  posterior  cusps.  Two  cingular  cusps,  Cv3  and  Cv5,  are  mod- 
erately developed.  The  posterior  shelf  bears  a Z cusp.  The  skull  (Schaub,  1926)  preserves 
the  snout  and  palate  in  relatively  undistorted  condition.  The  snout  is  elongate  and  slender, 
the  palate  is  narrow,  and  the  incisive  foramina  are  very  long.  The  lateral  and  dorsal 
borders  of  the  infraorbital  foramina  are  missing  as  is  most  of  the  zygomatic  plate.  The 
dentition  of  this  specimen  is  so  worn  as  to  be  almost  indeterminate;  however,  there  is 
no  indication  of  t7  on  M 1 . The  absence  of  this  cusp  and  the  crest  from  t4  to  t9  suggests 
that  the  skull  is  that  of  O.l  provocator  rather  than  representing  Parapodemus  gaudryi 
(de  Bruijn,  1976:  table  1). 

Discussion. — de  Bruijn  (1976)  referred  with  question  material  from 
Pikermi  to  two  new  species  of  Occitanomys! , O.  neutrum,  and  O. ? 
provocator.  He  noted  that  the  Pikermi  specimens  differed  from  other 
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Table  3. — Rodents  and  insectivores  of  Samos  and  Pikermi,  Greece. 


Taxa 

Samos 

Pikermi 

Insectivora 

Talpidae 

Desmanella  dubia 

— 

X 

Erinaceidae 

Galerix  moedlingensis 

— 

X 

Galerix  atticus 

X 

X 

Rodentia 

Sciuridae 

Spermophilinus  cf.  S.  bredai 

X 

— 

Cricetidae 

Byzantinia  pikermiensis 

-- 

X 

Byzantinia  hellenicus 

X 

— 

Kowalskia  aff.  K.  lavocati 

— 

X 

Pseudomeriones  pythagorasi 

X 

— 

Pliospalax  cf.  P.  sotirisi 

X 

— 

Muridae 

Parapodemus  gaudryi 

— 

X 

Occitanomys ? neutrum 

— 

X 

Occitanomys ? provocator 

X 

X 

Gliridae 

Myomimus  cf.  dehmi 

— 

X 

Muscardinus  sp. 

— 

X 

Hystricidae 

Hystrix  primigenia 

X 

X 

Occitanomys  in  not  possessing  either  tl  bis,  posterior  tl  and  t3  spurs 
on  M1,  or  a longitudinal  crest  on  Mx;  but,  nevertheless,  he  believed  it 
was  premature  to  erect  a new  genus  for  this  material.  We  follow  him 
in  this  decision. 

The  Samos  specimens  are  too  large  to  be  referred  to  0.1  neutrum. 
They  agree  in  almost  all  respects  with  the  teeth  of  0.1  provocator. 

Family  Hystricidae 
Hystrix  Linnaeus 
Hystrix  primigenia  Wagner,  1848 

Material.—  AMNH  20551,  an  almost  complete  skull;  AMNH  23030,  left  mandible  with 
roots  of  P4-M2 , partial  M3. 

Discussion.— This  material  was  described  by  Abu  Bakr  (1959)  and 
has  not  been  seen  by  us.  He  indicates  that  Hystrix  primigenia  is  found 
also  at  Pikermi  but  this  was  not  mentioned  by  de  Bruijn  (1976). 
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Summary 

The  small  mammal  fauna  of  the  Turolian  of  Samos  differs  from  that 
of  Pikermi  (de  Bruijn,  1976)  in  a rather  striking  fashion  (Table  3).  Of 
the  seven  Samos  species,  three  are  found  at  Pikermi — Galerix  atticus, 
Occitanomysl  provocator  and  Hystrix  primigenia.  Byzantinia  occurs  in 
both  faunas  but  different  species  are  involved.  The  other  three  Samos 
species  all  suggest  a dry,  open  steppe  environment  at  Samos.  Sper- 
mophilinus  cf.  S.  bredai  was  most  probably  a ground  squirrel,  whereas 
the  gerbil  and  the  spalacine  indicate  an  open,  rather  dry  environment. 
These  three  species  have  not  been  reported  from  Pikermi.  Instead, 
there  are  five  other  rodents  known  from  Pikermi  which  together  sug- 
gest a wetter,  more  closed  environment.  These  include  two  species  of 
murids,  two  door  mice,  and  the  cricetid  Kowcilskia  aff.  K lavocati. 

While  samples  from  both  localities  are  quite  small,  the  difference  in 
species  composition  suggests  a distinct  difference  in  at  least  the  two 
local  habitats.  The  microfauna  from  Samos  would  appear  to  have  been 
taken  from  a dry,  open  steppe  habitat,  while  that  from  Pikermi  appears 
to  come  from  a more  moist  and  perhaps  densely  vegetated  region. 
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Abstract 


Chromosomal  and  morphometric  studies  were  conducted  on  a sample  from  an  assem- 
blage of  Akodon  spp.  occurring  in  various  patterns  of  sympatry  from  the  provinces  of 
Catamarca,  Jujuy,  Salta,  and  Tucuman,  Argentina.  Results  showed  three  distinct  mor- 
phometric groups  based  upon  size.  Size  also  varied  with  age,  but  there  were  no  signif- 
icant differences  in  measurements  of  males  and  females.  The  three  morphometric  groups 
have  distinct  karyotypes.  Akodon  caenosus  Thomas  is  the  smallest  of  the  three,  and 
has  a karyotype  of  2n  = 34,  FN  - 40.  A,  boliviensis  tucumanensis  J.  A.  Allen  is  inter- 
mediate in  size  and  has  2e  = 40,  FN  = 40,  41.  Three  variations  in  centromeric  position 
of  the  X chromosomes  and  two  autosome  arm  numbers  were  found.  A.  varius  simulator 
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Thomas  is  the  largest  in  size,  has  a distinctive  white  chin-spot,  and  has  2n  = 41,  42  and 
FN  = 42.  Variation  in  diploid  number  is  apparently  due  to  centric  fission  or  fusion. 

Introduction 

Neotropical  murid  rodents  (sometimes  treated  as  the  family  Crice- 
tidae)  include  a group  of  vole-like  pastoral  species  loosely  allied  as  the 
akodonts.  Most  species  are  apparently  insectivorous  (Hershkovitz, 
1966).  Various  authors  have  disagreed  on  the  composition  of  the  ako- 
dont  group,  both  in  terms  of  group  membership  and  generic  groupings 
of  species  (for  example,  Tate,  1932;  Cabrera,  1961;  Bianchi  etal.,  1971; 
Gardner  and  Patton,  1976).  Cabrera  (1961),  in  the  latest  comprehensive 
list  of  South  American  mammals,  recognized  eight  genera  (including 
Scolomys  Anthony,  Oxymycterus  Waterhouse,  and  Zygodontomys  J. 
A.  Allen),  consisting  of  138  named  forms  of  59  species.  Of  these  totals, 
the  genus  Akodon  Meyen  contained  nine  subgenera  and  87  forms  of 
38  species.  Bianchi  et  al.  (1971)  regarded  eight  of  the  nine  subgenera 
of  Akodon  ( sensu  Cabrera,  1961)  as  separate  genera  ( Abrothrix  Water- 
house,  Akodon,  Bolomys  Thomas,  Chroeomys  Thomas,  Hypsimys 
Thomas,  Microxus  Thomas,  Thalpomys  Thomas,  and  Thaptomys 
Thomas).  Excluding  Akodon  ( sensu  stricto ),  four  of  these  are  mono- 
typic  and  the  other  three  genera  or  subgenera  each  contain  four 
species.  Tate  (1932),  in  the  only  other  comprehensive  account  of  ako- 
donts, listed  15  genera  (excluding  Scolomys  and  Zygodontomys ),  and 
included  the  Central  American  genus  Scotinomys  in  his  akodont 
group.  Hershkovitz  (1966)  placed  Abrothrix  (including  Microxus  as  a 
synonym),  Lenoxus  Thomas,  Podoxymys  Anthony,  and  Oxymycterus 
in  a separate  group,  the  oxymycterines.  Most  authors  have  agreed  that 
Notiomys  Thomas  and  Blarinomys  Thomas  are  other  recognizable 
genera  of  the  akodont  group. 

There  has  never  been  a comprehensive  taxonomic  review  of  the 
genera  and  species  of  akodont  rodents,  and  a great  many  of  the  taxa 
are  known  only  from  restricted  geographic  areas  or  solely  from  their 
type  localities.  Consequently,  our  understanding  of  the  number  of 
species,  their  systematic  relationships  to  each  other,  and  the  charac- 
ters of  value  in  recognizing  species  and  defining  higher  taxa  are  still 
rudimentary. 

Bianchi  and  co-workers  and  others  have  demonstrated  great  varia- 
tion in  chromosome  structure  and  numbers,  both  within  and  between 
populations  of  akodonts  (for  example,  see  Bianchi  et  al.,  1971,  1973, 
1979;  Yonenaga,  1972;  Yonenaga  et  al.,  1975;  Gardner  and  Patton, 
1976;  Kiblisky  et  al.,  1976;  Spotorno  and  Fernandez,  1976).  Although 
available  karyotypic  data  for  akodonts  are  still  too  fragmentary  to  be 
of  much  use  in  constructing  phylogenies,  they  are  becoming  increas- 
ingly useful  for  making  taxonomic  determinations. 
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We  undertook  morphometric  and  karyotypic  studies  of  populations 
of  Akodon  from  the  vicinity  of  San  Miguel  de  Tucuman , Tucuman 
Province,  Argentina,  in  order  to  clarify  the  nature  and  extent  of  struc- 
tural variation  apparent  in  our  sample.  During  our  studies  we  deter- 
mined that  our  sample  of  Akodon  could  be  sorted  into  three  groups 
based  upon  external  dimensions,  color  of  pelage,  and  skull  structure. 
In  the  process  of  identifying  these  three  groups,  we  found  it  necessary 
to  include  in  our  analyses  some  specimens  from  neighboring  areas. 
Herein  we  show  correspondence  in  karyotypic  and  structural  charac- 
ters, supporting  the  hypothesis  that  three  species  of  Akodon  are  rep- 
resented in  our  samples. 

Materials  and  Methods 

Numbers  of  individuals  examined  and  localities  of  capture  are  listed  in  the  Specimens 
Examined  section  (below).  Skull  characters  were  measured  with  dial  calipers  (accurate 
to  0.05  mm),  and  recorded  to  the  nearest  0.1  mm.  Standard  external  measurements  were 
recorded  to  the  nearest  mm.  Characters  used  in  the  morphometric  analyses  are  listed 
in  Tables  1 and  2,  Methods  of  measuring  skull  characters  were  as  follows: 

Condyloincisive  length.  —Distance  from  occipital  condyle  to  anterior  face  of  incisor. 

Least  interorbital  breadth.— Least  distance  across  frontals  in  interorbital  region. 

Zygomatic  breadth . —Greatest  distance  across  skull,  measured  across  zygomatic 
arches. 

Greatest  length  of  skull.—  Greatest  length  from  tip  of  nasals  to  back  of  occiput. 

Breadth  of  braincase . —Greatest  distance  across  braincase,  measured  immediately 
behind  squamosal  processes  of  the  zygomatic  arches. 

Length  of  maxillary  toothrow. —Alveolar  length  from  front  of  M1  to  back  of  M3. 

Length  of  palate.— Distance  from  posterior  margin  of  the  alveolus  of  upper  incisor  to 
back  of  palatine  at  anterior  border  of  the  mesopterygoid  fossa. 

Length  of  mandibular  toothrow Alveolar  length  from  front  of  Mj  to  back  of  M3. 

Length  of  diastema . - Distance  from  posterior  margin  of  the  alveolus  of  upper  incisor 
to  anterior  alveolus  of  ML 

Specimens  were  initially  sorted  into  groups  by  sex  and  age  classes  for  statistical 
analyses  of  morphometric  traits.  Age  classes  were  arbitrarily  defined  by  the  amount  of 
wear  on  the  upper  molars  (Fig.  1).  Individuals  of  the  four  age  classes  were  treated 
separately  in  all  univariate  and  multivariate  analyses.  Specimens  were  further  sorted 
into  three  groups  within  sex  and  age  classes,  based  upon  overall  size  and  the  color  of 
the  chin  (presence  or  absence  of  white  hairs).  The  groups  were  then  subjected  to  stan- 
dard univariate  analyses  in  order  to  detect  significant  (. P 0.05)  differences  between 

males  and  females.  Statistical  analyses  employed  the  UN  I VAR  program,  which  is  a 
sums  of  squares,  simultaneous  testing  procedure  (SS-STP,  Gabriel,  1964),  based  upon 
a single-classification  analysis  of  variance.  Because  no  significant  differences  were  noted 
between  sexes  within  age  and  size  groups,  sexes  were  pooled  for  subsequent  univariate 
and  multivariate  analyses. 

All  specimens,  including  those  with  missing  values  for  some  characters,  were  sub- 
jected to  a discriminant  function/canonical  analysis  (BMDP7M,  Dixon  and  Brown,  1977). 
Individuals  with  missing  values  do  not  contribute  to  computation  of  variable  means,  F 
values,  group  linear  classification  functions,  and  associated  statistics.  Values  are,  how- 
ever, estimated  for  missing  characters,  and  statistics  are  calculated  in  order  to  classify 
these  individuals  with  one  of  the  established  groups  (Dixon  and  Brown,  1977;  see  Wil- 
liams and  Genoways,  1979,  for  further  explanation  of  this  type  of  analysis). 


Fig.  1.— First  upper  molars  of  Akodon  showing  stages  of  wear  corresponding  to  age 
classes  used  for  grouping  specimens  for  morphometric  analysis.  Age  classes,  from  left 
to  right,  are:  young;  subadult;  adult;  old  adult. 


Standard  in  vivo  chromosome  preparations  were  made  in  the  field,  using  the  colchi- 
cine, hypotonic  sodium-citrate,  blaze-dry  technique.  Methods  and  karyologic  nomen- 
clature follow  Patton  (1967). 

For  clarity  in  the  presentation  of  results,  the  names  we  use  for  the  three  phenetic 
groups  are  Akodon  boliviensis  Meyen,  A.  caenosus  Thomas,  and  A.  varius  Thomas. 

Collecting  Sites 

Specimens  were  collected  from  10  localities  in  the  provinces  of  Catamarca,  Jujuy, 
Salta,  and  Tucuman,  northwestern  Argentina  (see  Specimens  Examined  section).  All 
localities  lie  within  a 350  km  radius  in  the  eastern  Andean  foothills;  elevation  ranges 
from  about  700  to  1,100  m.  Although  10  sites  were  examined,  several  of  these  shared 
various  vegetational  and  climatological  characteristics.  Basically  the  localities  were  me- 
sic  forest  sites,  grassland-scrub  sites,  and  riparian  areas  within  dry  regions. 

One  locality,  Horco  Molle,  is  located  approximately  15  km  W of  the  city  of  San 
Miguel  de  Tucuman,  at  an  elevation  of  700  m.  The  area  is  mostly  Basal  Subtropical 
Forest  (Meyer  and  Weyrauch,  1966)  with  large  trees  such  as  Phoebe  porphyria,  Ter- 
minals triflora,  and  Jacaranda  mimosifolia  and  many  other  tree  species  (for  example, 
Tabebuia  avellanedae , Cedrela  lilloi,  and  Enterolobium  contortisiliquum).  Many  epi- 
phytes are  present  and  the  forest  is  largely  evergreen.  The  three  species  of  Akodon 
herein  considered  were  taken  in  second  growth  areas  of  the  forest  (for  example  along 
trails,  creeks  and  roads).  This  site  is  similar  to  the  Oran  locality  in  north-central  Salta 
Province  which  also  supported  three  Akodon  species  (Fig.  2). 
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Fig.  2. A mesic  forest  locality  in  north-central  Salta  Province  along  the  Rio  Pescado. 

Here,  Akodon  varius,  A.  boliviensis,  and  A.  caenosus  occur  in  sympatry,  particularly 
in  areas  of  second  growth  vegetation  such  as  that  found  along  the  riverbank. 


Another  major  locality  is  El  Cadillal,  located  approximately  25  km  NE  of  San  Miguel 
de  Tucuman  near  the  El  Cadillal  impoundment.  The  area  is  a mixture  of  cultivated 
fields,  thorn  scrub,  and  grassy  fields  (Fig.  3).  Woody  vegetation  consists  of  Acacia 
aroma,  Piptadenia  spp.,  Schinopsis  haenkeana,  Celtis  spinosa,  Prosopis  alba,  and  oth- 
ers. Most  plants  seldom  exceed  5 m in  height. 

The  third  major  site  is  along  the  Rio  Andalgala  immediately  N of  Andalgala,  Cata- 
marca  Province  (Fig.  4).  This  is  a permanent  water  riverine  forest  within  a broad  xeric 
region  known  as  the  Monte  (Morello,  1958).  Akodon  boliviensis  and  A.  varius  occur  in 
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Fig.  3.— A grass-shrub  community  located  near  El  Cadillal  Reservoir  in  Tucuman  Prov- 
ince. Common  second  growth  plants,  such  as  Castor  beans  ( Ricinus ) are  visible  in  the 
photograph.  All  three  species  of  Akodon  occurred  in  this  habitat. 


the  shrubby  undergrowth  along  the  river.  Major  trees  are  Prosopis  sp.,  Celtis  sp.,  and 
Acacia  sp.  This  area  is  more  fully  described  by  Mares  (1975,  1977). 

Results 

Univariate  Analysis 

Eleven  samples  were  analyzed  using  univariate  statistical  techniques 
(Table  1).  The  samples  represented  four  age  classes  for  two  of  the 
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Fig.  4.  -The  Rio  Andalgala,  in  Catamarca  Province  immediately  north  of  the  town  of 
Andalgala,  This  site  is  a mesic  refuge  in  the  midst  of  the  surrounding  Monte  Desert. 
Akodon  varius  and  A.  boliviensis  are  common  in  this  habitat. 


phenetic  groups  and  three  for  the  other  phenetic  group.  The  species 
that  we  consider  to  be  A.  caenosus  lacked  any  individuals  in  the  young 
age  category. 

The  old  and  adult  individuals  of  the  phenetic  group  considered  to 
represent  A.  varius  averaged  larger  in  all  14  measurements  than  mem- 
bers of  A.  boliviensis  and  A,  caenosus.  When  samples  of  equivalent 
age  were  considered,  A.  varius  averaged  the  largest,  A.  boliviensis 
averaged  medium-sized,  and  A.  caenosus  always  averaged  the  small- 
est in  size  (Fig.  5). 

In  breadth  of  braincase,  the  means  of  the  four  samples  of  A.  varius 
form  one  nonoverlapping  subset,  the  four  samples  of  A.  boliviensis 
form  another,  and  the  three  samples  of  A.  caenosus  form  a third. 
These  differences  are  rather  impressive  considering  that  these  samples 
represent  different  age  groups.  This  means  that  young  A.  varius  are 
significantly  larger  on  the  average  than  old  A.  boliviensis  and  that 
young  A.  boliviensis  are  significantly  larger  on  the  average  than  old  A. 
caenosus. 

In  three  measurements  (length  of  hind  foot,  length  of  maxillary 
toothrow,  and  length  of  mandibular  toothrow),  the  means  of  the  three 
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Fig.  5. — Skulls  of  young  adult  Akodon  varius  (left),  adult  A.  boliviensis  (middle),  and  adult  A.  caenosus  (right).  The  animals  differ  in 
several  cranial  characters,  but  most  noticeably  in  breadth  of  braincase  and  length  of  the  maxillary  and  mandibular  toothrows. 
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Table  1. — Age  groups  and  total  numbers  of  each  species  of  Akodon  examined  by  a 
univariate  analysis  of  each  morphological  trait.  Means  ± 2 standard  errors  and  (Range) 
are  given.  Under  the  sums  of  squares-simultaneous  testing  procedure  column  (SS-STP), 
groups  enclosed  within  a single  vertical  bar  are  indistinguishable  at  the  P =£  0.05  level, 
while  groups  not  sharing  a vertical  bar  differ  significantly  at  that  level. 


Species  and  age 

N 

Mean  ± 2 SE 

(Range) 

Length  of  head  and  body 

A.  varius  old 

25 

120.4  ± 3.88 

(95-139) 

A.  varius  adult 

70 

108.2  ± 2.23 

(80-125) 

A.  boliviensis  adult 

7 

107.3  ± 4.85 

(101-120) 

A.  boliviensis  old 

12 

102.4  ± 6.04 

(83-115) 

A.  varius  subadult 

50 

101.4  ± 2.33 

(85-123) 

A.  varius  young 

21 

97.6  ± 3.58 

(85-118) 

A.  boliviensis  subadult 

11 

94.5  ± 5.43 

(84-108) 

A.  caenosus  old 

2 

93.5  ± 5.00 

(91-96) 

A.  caenosus  adult 

5 

91.6  ± 7.79 

(78-101) 

A.  boliviensis  young 

6 

89.0  ± 8.88 

(75-104) 

A.  caenosus  subadult 

10 

78.5  ± 4.85 

(65-94) 

Length  of  tail 

A.  varius  adult 

68 

84.1  ± 1.70 

(69-101) 

A.  varius  old 

25 

83.0  ± 2.87 

(70-99) 

A.  varius  subadult 

48 

74.6  ± 2.16 

(61-99) 

A.  boliviensis  old 

12 

73.3  ± 4.55 

(58-83) 

A.  boliviensis  adult 

7 

73.2  ± 4.57 

(65-82) 

A.  varius  young 

21 

70.3  ± 3.38 

(60-87) 

A.  boliviensis  subadult 

11 

70.2  ± 4.14 

(60-83) 

A.  caenosus  old 

2 

65.0  ± 12.00 

(59-71) 

A.  boliviensis  young 

6 

64.0  ± 5.03 

(58-75) 

A.  caenosus  adult 

5 

62.6  ± 2.50 

(58-65) 

A.  caenosus  subadult 

10 

59.2  ± 2.21 

(54-66) 

Length  of  hind  foot 

A.  varius  adult 

73 

24.6  ± 0.25 

(22.5-27.2) 

A.  varius  old 

25 

24.1  ± 0.51 

(21.3-26.4) 

A.  varius  subadult 

50 

23.7  ± 0.29 

(21.5-26.0) 

A.  varius  young 

21 

23.1  ± 0.44 

(21.4-24.3) 

A.  boliviensis  subadult 

11 

21.6  ± 0.45 

(20.7-22.9) 

A.  boliviensis  old 

12 

21.4  ± 0.51 

(20.0-22.7) 

A.  boliviensis  adult 

7 

21.3  ± 0.84 

(19.0-22.6) 

A.  boliviensis  young 

7 

21.0  ± 0.80 

(19.9-23.1) 

A.  caenosus  subadult 

10 

18.8  ± 0.52 

(17.9-20.3) 

A.  caenosus  adult 

5 

18.5  ± 0.44 

(18.0-19.3) 

A.  caenosus  old 

2 

18.4  ± 1.70 

(17.6-19.3) 

SS-STP 
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Table  1. — Continued. 


Species  and  age 

N 

Mean  ± 2 SE 

(Range) 

Length  of  ear 

A.  varius  adult 

73 

20.5  ± 0.41 

(17.0-27.2) 

A.  varius  subadult 

49 

19.2  ± 0.44 

(16.3-23.5) 

A.  varius  old 

25 

19.1  ± 0.57 

(16.6-21.9) 

A.  varius  young 

21 

18.3  ± 1.11 

(15.4-23.8) 

A.  boliviensis  old 

12 

16.8  ± 0.56 

(14.9-18.7) 

A.  boliviensis  subadult 

11 

16.5  ± 0.83 

(14.5-18.3) 

A.  boliviensis  adult 

7 

16.4  ± 0.92 

(14.4-18.3) 

A.  boliviensis  young 

7 

16.2  ± 0.99 

(14.6-18.0) 

A.  caenosus  adult 

5 

14.4  ± 1.02 

(12.7-15.4) 

A.  caenosus  subadult 

10 

14.3  ± 1.33 

(9.2-16.6) 

A.  caenosus  old 

2 

14.0  ± 2.30 

(12.8-15.1) 

Weight 

A.  varius  old 

25 

46.7  ± 4.16 

(22.5-59.0) 

A.  varius  adult 

69 

35.7  ± 2.01 

(21.7-62.0) 

A.  boliviensis  old 

12 

33.2  ± 3.54 

(20.0-40.2) 

A.  boliviensis  adult 

7 

32.5  ± 4.70 

(27.5-42.0) 

A.  varius  subadult 

45 

28.5  ± 2.58 

(17.5-59.0) 

A.  boliviensis  subadult 

11 

27.7  ± 4.50 

(18.0-39.0) 

A.  varius  young 

21 

24.7  ± 3.71 

(12.5-53.0) 

A.  caenosus  adult 

5 

20.5  ± 4.03 

(14.5-26.3) 

A.  caenosus  old 

2 

19.7  ± 4.70 

(17.3-22.0) 

A.  boliviensis  young 

7 

17.9  ± 2.98 

(13.0-23.5) 

A.  caenosus  subadult 

10 

13.8  ± 1.94 

(11.0-21.8) 

Condyloincisive  length 

A.  varius  old 

19 

27.3  ± 0.48 

(24.6-28.7) 

A.  varius  adult 

69 

26.9  ± 0.21 

(25.0-29.0) 

A.  varius  subadult 

45 

25.4  ± 0.35 

(22.7-28.5) 

A.  boliviensis  old 

12 

24.7  ± 0.72 

(22.2-27.6) 

A.  varius  young 

17 

24.1  ± 0.61 

(21.6-27.2) 

A.  boliviensis  adult 

7 

23.9  ± 0.38 

(23.3-24.5) 

A.  boliviensis  subadult 

9 

22.8  ± 0.42 

(21.7-23.5) 

A.  boliviensis  young 

3 

21.0  ± 0.83 

(20.2-21.5) 

A.  caenosus  adult 

5 

20.7  ± 0.62 

(19.6-21.3) 

A.  caenosus  old 

2 

20.6  ± 1.00 

(20.1-21.1) 

A.  caenosus  subadult 

9 

19.8  ± 0.28 

(19.2-20.7) 

Greatest  length  of  skull 

A.  varius  old 

20 

28.8  ± 0.47 

(26.6-30.5) 

A.  varius  adult 

67 

28.6  ± 0.21 

(26.6-30.5) 

A.  varius  subadult 

43 

27.2  ± 0.29 

(25.5-29.9) 

A.  boliviensis  old 

12 

26.3  ± 0.54 

(24.3-28.1) 

A.  varius  young 

17 

26.0  ± 0.59 

(23.8-28.9) 

A.  boliviensis  adult 

7 

25.5  ± 0.27 

(25.1-26.0) 

A.  boliviensis  subadult 

9 

24.6  ± 0.45 

(23.4-25.6) 

A.  boliviensis  young 

3 

23.3  ± 1.03 

(22.3-23.9) 

A.  caenosus  adult 

5 

22.9  ± 0.77 

(21.7-23.7) 

A.  caenosus  old 

2 

22.4  ± 0.00 

(-) 

A.  caenosus  subadult 

9 

21.9  ± 0.47 

(20.9-22.8) 

SS-STP 


1980 


Barquez  et  al.— Argentine  Akodon 


389 


Table  1.— Continued. 


Species  and  age 

N 

Mean  ± 

2 SE 

(Range) 

Zygomatic  breadth 

A.  varius  old 

20 

14.7  ± 

0.18 

(14.0-15.3) 

A.  varius  adult 

68 

14.6  ± 

0.18 

(13.5-16.7) 

A.  varius  subadult 

43 

13.9  ± 

0.18 

(12.8-15.5) 

A.  varius  young 

13 

13.3  ± 

0.43 

(12.2-15.0) 

A.  boliviensis  old 

10 

13.2  ± 

0.61 

(12.0-15.6) 

A.  boliviensis  adult 

7 

12.5  ± 

0.20 

(12.0-12.8) 

A.  boliviensis  subadult 

6 

12.4  ± 

0.25 

(12.1-12.9) 

A.  boliviensis  young 

3 

11.6  ± 

0.35 

(11.3-11.9) 

A.  caenosus  adult 

4 

11.3  ± 

0.31 

(10.9-11.6) 

A.  caenosus  old 

2 

11.2  ± 

0.00 

(— ) 

A.  caenosus  subadult 

8 

10.7  ± 

0.17 

(10.3-11.0) 

Interorbital  breadth 


A.  varius  adult 

73 

5.1 

± 0.04 

(4. 8-5. 5) 

A.  varius  old 

25 

5.1 

± 0.07 

(4. 8-5. 6) 

A.  varius  subadult 

50 

5.0 

± 0.06 

(4. 5-5. 5) 

A.  varius  young 

21 

4.9 

± 0.10 

(4. 5-5. 2) 

A.  boliviensis  subadult 

10 

4.6 

± 0.07 

(4. 4-4. 8) 

A.  boliviensis  old 

12 

4.6 

± 0.04 

(4. 5-4.7) 

A.  boliviensis  young 

7 

4.5 

± 0.13 

(4. 4-4. 9) 

A.  boliviensis  adult 

7 

4.4 

± 0.15 

(4. 2-4. 8) 

A.  caenosus  subadult 

10 

4.3 

± 0.07 

(4. 0-4. 4) 

A.  caenosus  adult 

5 

4.1 

± 0.04 

(4. 1-4.2) 

A.  caenosus  old 

2 

4.1 

± 0.10 

(4.0-4. 1) 

Breadth  of  braincase 


A.  varius  adult 

70 

12.5  ± 0.09 

(11.8-13.4) 

A.  varius  subadult 

45 

12.4  ± 0.08 

(11.7-12.9) 

A.  varius  old 

20 

12.4  ±0.11 

(12.0-12.8) 

A.  varius  young 

18 

12.2  ± 0.18 

(11.2-12.9) 

A.  boliviensis  old 

12 

11.5  ± 0.21 

(11.0-12.3) 

A.  boliviensis  adult 

7 

11.4  ± 0.22 

(11.1-11.9) 

A.  boliviensis  young 

3 

11.4  ± 0.29 

(11.2-11.7) 

A.  boliviensis  subadult 

11 

11.4  ± 0.15 

(11.0-11.9) 

A.  caenosus  subadult 

9 

10.7  ± 0.25 

(10.4-11.6) 

A.  caenosus  old 

2 

10.6  ± 0.10 

(10.6-10.7) 

A.  caenosus  adult 

5 

10.5  ± 0.29 

(10.2-11.0) 

Length  of  maxillary  toothrow 


A.  varius  old 

24 

5.0  ± 0.08 

(4.6-5. 5) 

A.  varius  adult 

73 

4.9  ± 0.03 

(4.6-5. 2) 

A.  varius  subadult 

Al 

4.8  ± 0.05 

(4. 5-5. 2) 

A.  varius  young 

20 

4.8  ± 0.07 

(4. 2-5.0) 

A.  boliviensis  old 

12 

4.5  ± 0.19 

(4. 1-5.4) 

A.  boliviensis  young 

7 

4.3  ± 0.09 

(4. 2-4. 5) 

A.  boliviensis  adult 

7 

4.3  ± 0.10 

(4. 2-4. 5) 

A.  boliviensis  subadult 

11 

4.3  ± 0.08 

(4. 1-4.5) 

A.  caenosus  adult 

5 

3.7  ± 0.14 

(3. 5-3.9) 

A.  caenosus  subadult 

10 

3.7  ± 0.09 

(3. 5-3. 9) 

A.  caenosus  old 

2 

3.7  ± 0.30 

(3. 5-3. 8) 

SS-STP 
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Table  1. — Continued. 


Species  and  age 

N 

Mean  ± 2 SE 

(Range) 

Palatal  length 

A.  varius  old 

25 

14.4  ± 0.23 

(12.9-15.4) 

A.  varius  adult 

73 

14.1  ± 0.11 

(13.3-15.2) 

A.  varius  subadult 

49 

13.4  ± 0.19 

(11.7-15.1) 

A.  boliviensis  old 

12 

12.8  ± 0.47 

(11.5-14.8) 

A.  varius  young 

21 

12.6  ± 0.35 

(10.9-14.2) 

A.  boliviensis  adult 

7 

12.3  ± 0.32 

(11.8-13.1) 

A.  boliviensis  subadult 

10 

11.8  ± 0.33 

(10.8-12.5) 

A.  boliviensis  young 

7 

10.8  ± 0.81 

(9.7-12.8) 

A.  caenosus  old 

2 

10.7  ± 0.30 

(10.5-10.8) 

A.  caenosus  adult 

5 

10.6  ± 0.47 

(10.0-11.3) 

A.  caenosus  subadult 

10 

10.3  ± 0.33 

(9.7-11.4) 

Diastema  length 

A.  varius  old 

25 

7.8  ± 0.16 

(6. 7-8. 4) 

A.  varius  adult 

73 

7.6  ± 0.08 

(6. 7-8. 4) 

A.  varius  subadult 

47 

7.1  ± 0.14 

(6. 1-8.4) 

A.  boliviensis  old 

12 

6.8  ± 0.25 

(6.0-7. 9) 

A.  varius  young 

21 

6.8  ± 0.21 

(5. 8-7. 8) 

A.  boliviensis  adult 

7 

6.6  ± 0.11 

(6.4-6. 8) 

A.  boliviensis  subadult 

10 

6.2  ± 0.18 

(5. 8-6. 7) 

A.  caenosus  old 

2 

5.8  ± 0.10 

(5. 7-5. 8) 

A.  boliviensis  young 

7 

5.7  ± 0.63 

(4. 8-7. 2) 

A.  caenosus  adult 

5 

5.6  ± 0.31 

(5. 1-6.0) 

A.  caenosus  subadult 

10 

5.4  ± 0.19 

(5. 1-6.2) 

Length 

of  mandibular  toothrow 

A.  varius  old 

23 

5.1  ± 0.08 

(4. 7-5. 4) 

A.  varius  adult 

73 

5.0  ± 0.03 

(4. 7-5. 3) 

A.  varius  subadult 

46 

4.8  ± 0.06 

(3. 8-5.2) 

A.  varius  young 

20 

4.7  ± 0.10 

(4. 1-5.0) 

A.  boliviensis  old 

12 

4.5  ± 0.13 

(4. 2-5.0) 

A.  boliviensis  young 

7 

4.3  ± 0.25 

(4. 0-5.0) 

A.  boliviensis  adult 

7 

4.3  ± 0.14 

(4. 1-4.6) 

A.  boliviensis  subadult 

11 

4.3  ± 0.10 

(4.0-4. 5) 

A.  caenosus  old 

2 

3.7  ± 0.20 

(3. 6-3. 8) 

A.  caenosus  adult 

5 

3.7  ± 0.06 

(3. 6-3. 8) 

A.  caenosus  subadult 

10 

3.7  ± 0.04 

(3. 6-3. 8) 

SS-STP 


samples  of  A.  caenosus  form  a nonoverlapping  subset.  There  is  no 
overlap  in  the  range  of  values  for  length  of  maxillary  toothrow  for  A. 
caenosus  and  the  other  two  species  (3.5  to  3.9  versus  4.1  to  5.5  mm). 
There  is  overlap  only  at  3.8  mm  for  length  of  mandibular  toothrow  for 
these  same  groups  (A.  caenosus,  3.6  to  3.8,  and  A.  varius-boliviensis, 
3.8  to  5.4). 
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Table  2. — Variables  used  in  discriminant  function  analysis  of  Argentine  Akodon.  Char- 
acters are  listed  in  order  of  their  usefulness  in  distinguishing  groups,  with  the  character 
with  the  greatest  between-group  variance  and  the  least  within-group  variance  being 
selected  first.  Other  traits  are  ranked  using  the  same  criteria.  The  statistics  are  recal- 
culated at  each  step. 


Step 

Character 

F-value 

U-statistic 

1 

Length  of  hind  foot 

54.55 

0.2818 

2 

Interorbital  breadth 

23.75 

0.2236 

3 

Length  of  head  and  body 

16.16 

0.1846 

4 

Palatal  length 

12.43 

0.1605 

5 

Breadth  of  braincase 

10.28 

0.1417 

6 

Length  of  ear 

8.80 

0.1283 

7 

Zygomatic  breadth 

7.77 

0.1165 

8 

Diastema  length 

7.00 

0.1065 

9 

Length  of  maxillary  toothrow 

6.38 

0.0984 

10 

Greatest  length  of  skull 

5.77 

0.0946 

11 

Condylobasal  length 

5.39 

0.0874 

12 

Length  of  mandibular  toothrow 

4.94 

0.0856 

13 

Length  of  tail 

4.56 

0.0839 

The  old  age  category  of  A.  varius  was  significantly  larger  in  size 
than  other  samples  in  head-body  length  and  weight.  The  samples  of 
old  and  adult  A.  varius  were  significantly  larger  than  all  other  samples 
in  length  of  tail,  condylobasal  length,  palatal  length,  and  diastema. 

Clearly,  using  univariate  analysis,  these  three  phenetic  groups  can 
be  distinguished,  especially  when  samples  of  equivalent  age  are  con- 
sidered. 

In  addition  to  the  distinct  differences  in  size  of  the  three  groups,  the 
individuals  of  the  sample  we  consider  to  be  A.  varius  all  have  some 
white  hairs  on  the  chin.  Some  individuals  have  extensive  white  areas 
(hairs  white  to  their  bases)  on  the  chin,  throat,  and  chest;  the  amount 
being  individually  and  perhaps  geographically  varible.  Others  have 
only  a small,  white  spot  on  the  chin.  In  contrast,  specimens  of  A. 
boliviensis  and  A.  caenosus  have  buffy  or  buffy-gray  ventral  parts 
without  any  white  spots. 

Multivariate  Analysis 

The  same  1 1 samples  used  above  were  analyzed  using  discriminant 
function/canonical  analysis.  Characters  utilized  in  this  analysis  are  list- 
ed from  the  most  useful  to  the  least  useful  in  discriminating  groups 
(Table  2).  Variate  I accounts  for  78.4%  of  the  total  dispersion,  and 
Variate  II  accounts  for  8.6%.  The  character  with  the  highest  positive 
canonical  coefficient  for  Variable  I was  diastema  length  (0.262)  and 
those  with  high  negative  values  were  interorbital  breadth  (-1.156)  and 
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Table  3 .—Chromosome  characters  for  three  species  of  Akodon  from  northwestern  Ar- 
gentina. A - acrocentric;  BA  = biarmed;  FN  = total  number  of  autosomal  arms;  M = 
metacentric;  SM  = submetacentric;  ST  = subtelocentric. 


Species 

N 

2n 

FN 

Autosome 

structure 

Gonosome 

structure 

6 

$ 

A 

BA 

X, 

x2 

Y 

A.  caenosus 

1 

34 

40 

24 

8 

ST 

BA 

A.  caenosus 

1 

34 

40 

24 

8 

ST 

ST 

A.  boliviensis 

3 

40 

41 

35 

3 

A 

BA 

A.  boliviensis 

1 

40 

41 

35 

3 

A 

A 

A.  boliviensis 

2 

40 

41 

35 

3 

A 

M 

A.  boliviensis 

1 

40 

40 

36 

2 

SM 

A 

A.  boliviensis 

1 

40 

40 

36 

2 

SM 

SM 

A.  boliviensis 

2 

40 

40 

36 

2 

SM 

M 

A.  varius 

3 

42 

42 

38 

2 

A 

BA 

A.  varius 

6 

42 

42 

38 

2 

A 

A 

A.  varius 

3 

41 

42 

37 

3 

A 

BA 

A.  varius 

1 

41 

42 

37 

3 

A 

A 

length  of  maxillary  toothrow  (-0.278).  In  Variate  II,  high  positive 
canonical  coefficients  were  exhibited  by  interorbital  breadth  (1.838) 
and  length  of  maxillary  toothrow  (0.600),  and  high  negative  values 
were  exhibited  by  diastema  length  (-0.777)  and  palatal  length 
(-0.355). 

Whefi  all  samples  were  plotted  simultaneously  on  the  first  two  ca- 
nonical variates,  there  were  no  major  isolated  groups  and  the  samples 
were  extremely  difficult  to  separate.  However,  when  samples  of  equiv- 
alent age  were  compared  the  groups  are  easily  separated  (Fig.  6).  This 
indicates  that  the  groups  seen  with  some  of  the  individual  characters 
are  also  revealed  when  all  characters  are  considered  simultaneously. 
This  analysis  also  shows  that  it  is  important  to  consider  the  chrono- 
logical age  of  specimens  when  making  taxonomical  determinations  in 
the  genus  Akodon. 

Karyotypic  Analysis 

Basic  karyotypic  data  and  a summary  of  variation  in  chromosome 
structure  are  presented  in  Table  3.  Representative  karyotypes  are 
shown  in  Figs.  7,8,  and  9.  Descriptions  of  karyotypes  follow: 


Fig.  6. — Two-dimensional  plots  of  the  first  two  canonical  variables  for  old  (upper)  and 
adult  (lower)  individuals  of  three  species  of  Akodon  from  northern  Argentina.  Squares 
equal  A.  varius ; triangles  equal  A.  boliviensis;  circles  equal  A.  caenosus.  The  open 
circles  containing  letters  mark  the  positions  of  the  sample  means. 
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Fig.  7.— Karyotypes  of  Akodon  caenosus  from  El  Cadillal,  Tucuman  Province,  Argen- 
tina. A = male  CM  43381;  B = female  CM  43379.  Sex  chromosomes  are  the  last  pair 
at  the  lower  right  side  of  each  karyotype. 


Akodon  caenosus  (Fig.  7). — Karyotypic  data  were  available  for  only 
two  specimens.  Both  specimens  had  identical  appearing  autosomes 
consisting  of  a large,  submetacentric  pair  (pair  1),  two  large  metacen- 
tric  pairs  (pairs  2 and  3),  one  very  small  metacentric  pair  (pair  16),  and 
12  pairs  of  acrocentrics  (pairs  4 through  15).  The  autosomes  of  pair  4 
are  considerably  larger  than  pair  5.  Pairs  5 through  15  formed  an  evenly 
graded  series,  making  identification  of  homologs  equivocal.  The  X 
chromosomes  are  medium-sized  (similar  in  size  to  autosome  pair  4), 
and  subtelocentric.  The  Y chromosome  is  biarmed,  and  is  similar  in 
size  and  structure  to  autosome  pair  16. 

Akodon  boliviensis  (Fig.  8). — Two  autosomal  variants  and  three  cen- 
tromeric  positions  on  the  X chromosomes  were  noted  among  the  10 
individuals  examined  (Table  3).  Observed  autosomal  variation  in- 
volved only  pair  1.  Six  individuals  are  heteromorphic  for  pair  1,  with 
one  large  acrocentric  and  one  large  subtelocentric  chromosome  (Fig. 
8 a and  b ).  Four  individuals  are  homomorphic  for  pair  1,  exhibiting  two 
large  acrocentric  chromosomes  (Fig.  8c).  In  all  six  cases  with  hetero- 
morphic pairs,  the  large  biarmed  element  is  approximately  145  to  150% 
of  the  length  of  the  acrocentric  member  of  the  pair.  Other  autosomes 
form  a graded  series  of  acrocentrics  from  pairs  2 through  18.  The 
smallest  pair  of  autosomes  are  metacentric. 

All  of  the  seven  females  examined  have  X chromosomes  of  nearly 
equal  lengths.  Centromere  positions  varied,  however,  with  acrocen- 
tric, submetacentric,  and  metacentric  positions  being  represented  in 
the  sample.  Two  individuals  have  X chromosomes  with  the  same  cen- 
tromere positions — acrocentric  (not  illustrated)  and  submetacentric 
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Fig.  8.— Karyotypes  of  Akodon  boliviensis  tucumanensis  from  Argentina.  A = male 
CM  43183  and  B = female  CM  43182  from  3 km  WNW  Concepcion,  Catamarca  Prov- 
ince; C = female  CM  43158  from  Rio  Andalgala,  3.5  km  NW  Andalgala,  Catamarca 
Province;  D = female  CM  43382  from  El  Cadillal,  Tucuman  Province;  E = female  CM 
43154  from  El  Potrero  Dike,  13  km  N Andalgala,  Catamarca  Province.  Sex  chromosomes 
of  A,  B,  and  C are  the  pairs  on  the  lower  right  sides  of  the  karyotypes;  for  D and  E, 
only  the  X chromosomes  are  presented-— the  autosomes  are  identical  in  structure  to  C. 


(Fig.  M).  Two  individuals  have  one  acrocentric  X and  one  metacentric 
X (Fig.  8 b),  two  have  a combination  of  metacentric  and  submetacentric 
(Fig.  8c),  and  one  has  a combination  of  submetacentric  and  acrocentric 
positions  (Fig.  8c). 

The  three  males  examined  have  acrocentric  X and  small,  biarmed 
Y chromosomes. 

Akodon  v arias  (Fig.  9).— Variations  in  autosome  structure  and  num- 
bers were  noted.  Nine  individuals  have  terminal  centromeres  on  au- 
tosome pair  1 (Fig.  9 a and  b),  and  a 2n  of  42.  Four  individuals  have 
one  submetacentric  and  one  acrocentric  chromosome  in  pair  1 (Fig. 
9c).  Those  individuals  with  a heteromorphic  pair  also  have  an  un- 
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Fig.  9.— Karyotypes  of  Akodon  varius  simulator  from  Argentina.  A = male  CM  43385 
from  El  Cadillal,  Tucuman  Province;  B = female  CM  43157  and  C = female  CM  43156 
from  Rio  Andalgala,  3.5  km  NW  Andalgala,  Catamarca  Province.  Sex  chromosomes  are 
the  pairs  on  the  lower  right  side  of  the  karyotypes. 


matched,  medium-sized,  acrocentric  autosome  and  a 2n  of  41.  Other 
autosomes  are  acrocentric  except  for  the  smallest  pair  (pair  20),  which 
are  metacentric. 

The  X chromosomes  are  acrocentric  and  the  Y is  small  and  biarmed 
(submetacentric  or  subtelocentric). 

Discussion 

The  genus  Akodon  ( sensu  lato ) contains  a great  number  of  named 
forms  which  exhibit  a relatively  high  degree  of  structural  uniformity. 
Most  variation  is  slight,  and  involves  continuous  character  gradients 
such  as  body  size  and  proportions,  size  and  robustness  of  claws,  de- 
gree of  procumbency  of  incisors,  inflation  of  auditory  bullae,  length  of 
pelage,  degree  of  hypsodonty  of  molars,  and  others.  The  range  of 
structural  variation,  while  relatively  small,  is  as  great  or  greater  within 
some  species  as  between  some  genera  ( sensu  Reig,  as  cited  in  Bianchi 
et  al.,  1971)  of  akodonts  (see  Thomas,  1916a).  Although  akodonts  are 
quite  similar  to  microtines  (Muridae,  Microtinae)  in  general  appear- 
ance and  superficial  habits,  their  molars  are  not  ever-growing  and  the 
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molar  cusps  quickly  wear  away.  The  amount  of  wear  on  the  molars  is 
a convenient  guide  to  age  classes,  but  the  wear  generally  renders  the 
teeth  useless  for  identification  of  species. 

Growth  in  most  body  dimensions  of  Akodon  spp.  appears  to  contin- 
ue for  considerable  time  after  sexual  maturity  is  attained  (Table  1). 
Many  dimensions  representative  of  size,  such  as  head  and  body  length, 
length  of  hind  foot,  weight,  greatest  length  of  skull,  condylobasal 
length,  and  zygomatic  breadth  vary  significantly  with  age,  and  are 
typically  unreliable  for  identifying  species.  Characters  such  as  length 
of  the  maxillary  toothrow,  breadth  of  braincase,  and  interorbital 
breadth  approach  adult  size  earlier  in  ontogeny  (Table  1)  and  vary  less 
among  the  older  age  classes  (that  is,  subadult,  adult,  and  old  adult), 
and  hence  are  more  reliable  for  identification  of  species.  For  pairs  of 
species  differing  principally  in  size,  characters  such  as  the  latter  are 
generally  useful  for  identification  even  when  specimens  of  different 
ages  are  compared.  External  measurements  and  proportions  are  typi- 
cally unreliable  unless  relative  age  can  be  determined.  This  is  seldom 
possible  with  akodonts  in  the  field,  as  pelage  of  subadults  is  generally 
not  distinctive,  and  sexually  active  individuals  may  differ  substantially 
in  age. 

Initial  examination  of  the  sample  of  Akodon  reported  on  here  sug- 
gested continuous  variation  in  both  body  size  and  chromosome  struc- 
ture. It  is  apparent  from  the  more  detailed  morphometric  analyses, 
however,  that  three  distinct  phenetic  groups  are  included.  We  believe 
that  the  evidence  best  supports  a hypothesis  that  each  group  represents 
a different  species. 

This  hypothesis  is  further  supported  by  the  karyotypic  data  (Table 
3).  Although  karyotypes  of  additional  specimens  are  needed  to  clarify 
the  nature  and  extent  of  variation  in  chromosome  structure,  we  are 
confident  that  additional  data  will  not  alter  our  general  conclusions. 

The  differences  in  the  basic  A.  boliviensis  karyotype  (2n  = 40,  FN  = 
40)  and  that  of  A.  caenosus  (2n  = 34,  FN  = 40),  can  be  explained 
solely  by  centric  fission/fusion  processes  (Robertsonian  variation). 
Bianchi  et  al.  (1979)  found  continuous  Robertsonian  variation  in  Ako- 
don dolor es  Thomas  from  2n  = 34  to  40  (FN  = 44).  Furthermore,  they 
reanalyzed  material  previously  reported  (Bianchi  et  al.,  1973)  for  A. 
molinae  (Contreras),  and  found  that  chromosome  arms  of  A.  dolores 
and  A.  molinae  were  identical  in  G-banding  patterns.  Individuals  of  A. 
molinae  have  2n  = 42,  43,  or  44,  and  FN  = 44.  No  convincing  evi- 
dence has  been  offered  to  indicate  that  A.  dolores  and  A.  molinae  are 
separate  species.  Nevertheless,  the  range  of  Robertsonian  variation 
exhibited  by  the  A.  dolores  /molinae  complex  is  pronounced,  but  none 
of  our  karyotypes  of  A.  caenosus,  A.  boliviensis,  or  A.  varius  falls 
directly  within  that  range.  Akodon  caenosus  and  A.  boliviensis  have 
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three  to  four  fewer  autosome  arms  (one  pair  of  biarmed  autosomes  or 
two  pairs  of  uniarmed  autosomes),  requiring  different  chromosomal 
rearrangements  from  a common  ancestral  karyotype  for  the  two 
groups.  Similarly,  the  karyotype  of  A.  varius  differs  from  A.  dolor es 
and  A.  molinae  in  having  two  less  autosomal  arms. 

The  origin  of  the  biarmed  autosome  (pair  1)  of  A.  boliviensis  is 
assumed  to  have  resulted  from  a Robertsonian  process.  The  existence 
of  specimens  with  the  same  diploid  number  (40)  but  with  acrocentrics 
comprising  pair  1,  together  with  the  fact  that  the  long  arms  of  pair  1 
are  the  same  size  in  all  specimens,  suggests  that  the  variation  in  karyo- 
types derives  from  a combination  of  Robertsonian  and  deletion  pro- 
cesses. The  direction  of  the  change  (that  is,  fission  or  fusion)  cannot 
be  unequivocally  determined.  It  seems  more  likely  that  a fission  pro- 
cess, isolating  the  short-arm  fragment  from  its  centromere,  would  re- 
sult in  loss  of  the  short  arm  during  meiotic  assortment;  hence  we  favor 
this  explanation.  A fusion  process  would  not  disturb  the  integrity  of 
the  centromere  of  the  unfused  acrocentric  element  and  its  loss  would 
not  be  expected.  In  either  case,  individuals  with  FN  = 42  (biarmed 
elements  in  pair  1)  should  be  present  in  the  population.  Their  absence 
is  not  too  surprising  in  view  of  the  small  sample  size,  but  it  is  possible 
that  individuals  homozygous  for  the  biarmed  condition  are  not  viable. 

Bianchi  et  al.  (1979)  felt  that  their  evidence  from  studies  of  A.  do- 
lores  and  A.  molinae  favored  centric  fissioning  to  explain  similar  poly- 
morphisms in  those  species. 

Variation  in  the  X chromosomes  of  A.  boliviensis  seems  to  involve 
only  inversions.  All  of  the  X chromosomes  are  the  same  relative 
length,  regardless  of  centromere  position.  Bianchi  et  al.  ( 1971)  reported 
gross  deletions  from  the  X chromosomes  of  Akodon  azarae  and  A. 
boliviensis,  resulting  in  heteromorphic  pairs  of  X’s.  The  X chromo- 
somes with  deletions  were  small,  with  subterminal  centromeres.  We 
found  no  such  variation  in  our  sample  of  A.  boliviensis. 

We  consider  the  Y chromosomes  of  A.  caenosus,  A.  boliviensis, 
and  A.  varius  to  be  biarmed.  We  doubt,  however,  that  there  is  any 
difference  in  the  structure  of  the  Y chromosomes  reported  here  and 
those  of  A.  boliviensis  tucumanensis  and  A.  varius  simulator  de- 
scribed by  Bianchi  et  al.  (1971),  who  indicated  the  Y’s  were  acrocen- 
tric. The  Y is  a very  small  chromosome,  and  the  second  arm  is  not 
apparent  in  all  cells.  Whether  or  not  we  have  interpreted  its  structure 
correctly  cannot  yet  be  determined. 

The  karyotypes  of  A.  varius  present  a different  pattern  of  variation 
than  that  of  A.  boliviensis  and  A.  caenosus  (Table  3,  Fig.  9).  The  basic 
karyotype  appears  to  be  2n  = 42,  FN  = 42,  with  all  autosomes  except 
the  smallest  pair  (20)  being  acrocentric.  Just  as  in  A.  boliviensis,  het- 
eromorphism was  found  in  the  largest  autosome  pair  (pair  1,  Fig.  9c). 
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Unlike  A.  boliviensis,  however,  there  was  an  odd  number  of  acrocen- 
tric autosomes,  with  an  unmatched  chromosome  corresponding  to  the 
short  arm  of  the  biarmed  member  of  pair  1 (positioned  next  to  and 
above  the  acrocentric  member  of  pair  1 in  Fig.  9c).  There  are  two 
plausible  explanations  for  this  chromosomal  polymorphism:  1)  a Rob- 
ertsonian fusion  or  fission  mechanism;  or  2)  a hybridization  between 
individuals  of  A.  boliviensis  with  a single  biarmed  chromosome  in  pair 
1 (2n  = 40,  FN  = 41)  and  A.  varius  with  an  acrocentric  member  in 
pair  1 (2n  = 41,  FN  = 42).  Such  a mating  would  produce  offspring 
with  2n  = 41,  FN  = 42.  Hybridization  cannot  be  ruled  out,  but  it 
seems  less  likely  because  it  would  appear  to  involve  only  individuals 
of  A.  boliviensis  with  an  unmatched  biarmed  chromosome  and  with 
acrocentric  X chromosomes.  Until  larger  samples  are  obtained  and 
further  studies  are  carried  out,  this  issue  cannot  be  resolved. 

The  A.  varius  karyotypes  differ  from  those  reported  by  Bianchi  et 
al.  (1971)  from  Mendoza  and  Tucuman  provinces,  which  had  2n  = 40, 
FN  = 40,  with  submetacentric  X’s  and  acrocentric  Y’s.  We  doubt  that 
Bianchi  et  al.’s  (1971)  concept  of  A.  varius  is  the  same  as  ours.  Gard- 
ner and  Patton  (1976)  also  reported  a 2n  = 40,  FN  = 40  karyotype  for 
A.  varius  from  Paraguay.  Bianchi  et  al.  (1971)  presented  a karyotype 
of  A.  illuteus  (Thomas)  from  Villa  Nougues,  Tucuman  Province,  which 
appears  identical  to  our  A.  varius  karyotype  in  Fig.  9c.  Villa  Nougues 
is  very  near  our  two  principal  localities  for  A.  varius,  Horco  Molle 
and  El  Cadillal,  and  the  habitat  is  essentially  identical  to  Horco  Molle. 
It  is  also  the  type  locality  for  A.  varius  simulator  (Thomas,  1916b). 
Thomas  (1925b)  originally  listed  the  type  locality  of  Abrothrix  (=. Ako- 
don) illutea  as  Concepcion,  400  m,  Tucuman  Province.  He  later 
(Thomas,  1929)  amended  the  type  locality  for  A.  illuteus  to  Aconquija, 
3,000  to  4,000  m,  Tucuman  Province.  Members  of  the  Abrothrix  group 
are  distinguished  by  long  pelage — they  are  basically  adapted  to  cool 
and  cold  climates  in  southern  Argentina  and  Chile,  and  in  the  high 
Andes  in  more  subtropical  and  temperate  latitudes.  Perhaps  Bianchi 
et  al.’s  (1971)  identification  is  in  error;  most  probably  their  specimen 
is  A.  varius,  based  upon  its  karyotype  and  the  subtropical  habitat  at 
Villa  Nougues.  Further  support  for  this  opinion  was  offered  by  Spo- 
torno  and  Fernandez  (1976),  who  noted  that  karyotypes  of  Abrothrix 
and  other  akodonts  adapted  to  cool  or  cold  environments  had  high 
diploid  numbers  [>44,  most  with  52;  for  example,  A.jelskii  (Thomas), 
A.  longipilis  (Waterhouse),  A.  olivaceus  (Waterhouse),  and  A.  xan- 
thorhinus  (Waterhouse)].  This  is  not  to  imply  that  high  diploid  numbers 
are  an  adaptation  to  cold  environments — rather,  the  true  phyletic  re- 
lationships among  akodonts  may  cut  across  current  taxonomic  groups. 
Karyotypic,  geographic,  and  environmental  continuity  among  these 
species  may  express  phyletic  relationships. 
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Our  knowledge  of  intra-  and  interpopulational  variation,  and  varia- 
tion within  and  among  groups  of  akodont  species,  is  too  fragmentary 
to  make  generalizations  about  interspecific  relationships.  Indeed,  at 
this  stage  we  must  concentrate  on  determining  the  number,  distribu- 
tion, and  specific  nomenclature  of  akodonts.  From  the  several  names 
that  could  potentially  apply  to  the  taxa  in  our  study,  we  have  chosen 
the  three  which  most  closely  fit  the  species  descriptions,  geographic 
distributions,  and  habitats  of  the  type  localities.  We  expect  that  ulti- 
mately some  of  these  names  will  be  shown  to  be  synonyms  of  earlier 
named  and  more  widely-ranging  species  or  subspecies. 

Akodon  caenosus  Thomas,  1918,  was  originally  described  as  a sub- 
species of  A.  puer  (Thomas).  The  type  locality  is  at  Leon,  1,500  m, 
Jujuy  Province,  Argentina.  Thomas  (1920)  subsequently  elevated  cae- 
nosus to  species  rank  after  examining  additional  specimens.  Later, 
Thomas  (1926)  noted  that  some  specimens  he  had  included  in  an  earlier 
characterization  (1920)  were  instead  A.  boliviensis  tucumanensis. 
Some  measurments  (in  mm)  of  the  holotype  of  A.  caenosus  (adult 
male)  as  presented  by  Thomas  (1918),  follow:  lengths  of  head  and  body 
82,  tail  72,  hind  foot  20,  ear  16  and  skull  (tip  of  nasals  to  back  of 
interparietal)  18,  zygomatic  breadth  11.3,  palatilar  length  10.2,  length 
of  upper  molar  toothrow  3.6,  length  of  nasals  9,  and  interorbital 
breadth  4.6.  These  measurements  all  fall  within  the  range  of  values  for 
A.  caenosus  in  Table  1,  except  for  interorbital  breadth,  which  is  0.2 
mm  greater  than  the  maximum  recorded  in  our  sample.  The  undersides 
of  A.  caenosus  were  characterized  by  Thomas  (1918)  as  dull  “pinkish 
buff.”  No  other  described  taxon  fits  the  physical  description  and  cor- 
responds with  the  geographic  range  and  general  habitat  of  our  sample. 
We  are  confident  that  these  specimens  from  Jujuy  and  Tucuman,  Ar- 
gentina are  A.  caenosus.  We  have  no  insight,  however,  into  the 
species’  wider  distribution  or  broader  systematic  relationships. 

Akodon  boliviensis  tucumanensis  J.  A.  Allen,  1901  was  described  as 
a new  species.  The  type  locality  is  [San  Miguel  de]  Tucuman,  450  m, 
[Tucuman  Province],  Argentina.  Cabrera  (1961)  first  treated  tucuma- 
nensis as  a subspecies  of  A.  boliviensis.  Selected  measurements  of  the 
holotype  (adult  female),  as  given  by  Allen  (1901),  were:  lengths  of  head 
and  body  81,  tail  59.5,  hind  foot  17.5,  ear  15  and  skull  24,  zygomatic 
breadth  12,  length  of  upper  molar  toothrow  4,  length  of  nasals  8,  in- 
teroribital  breadth  5.2,  and  width  of  braincase  11.2.  Overall,  these 
measurements  fit  best  with  our  sample  of  A.  boliviensis,  although  some 
are  slightly  smaller  and  others  are  slightly  larger  than  the  ranges  of 
values  in  our  sample.  Allen  (1901)  characterized  the  underparts  as 
“buffy  gray  varying  to  strong  buff,”  and,  in  another  place  in  the  de- 
scription, as  “pale  buffy  gray.”  This  description  corresponds  closely 
to  our  sample  of  A.  boliviensis.  As  the  type  locality  is  within  15  to  20 
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km,  and  is  at  essentially  the  same  elevation  as  our  principal  collecting 
sites,  we  feel  that  there  is  little  doubt  about  the  identity  of  our  sample. 

Akodon  varius  simulator  Thomas,  19166,  was  also  described  as  a 
distinct  species.  The  type  locality  is  Villa  Nougues,  San  Pablo,  1,200 
m,  Tucuman  Province,  Argentina.  Thomas  (1925a)  later  indicated  that 
simulator  might  be  a subspecies  of  A.  varius  Thomas,  1902,  from 
Tapacari,  3,000  m,  west  of  Cochabamba,  Bolivia.  Subsequently,  he 
(Thomas,  1926)  used  the  trinomial  A,  varius  simulator  for  specimens 
from  Tucuman  Province.  Selected  measurements  (in  mm)  for  the  ho- 
lotype  (adult  male),  as  recorded  by  Thomas  (19166),  were:  lengths  of 
head  and  body  98,  tail  79,  hind  foot  24,  ear  18,  skull  28.5,  zygomatic 
breadth  14.7,  palatilar  length  12.6,  length  of  upper  molar  tooth  row  4.9, 
length  of  nasals  10.2,  interorbital  breadth  4.6,  breadth  of  braincase 
12.2.  These  measurements  correspond  with  our  sample  of  A.  varius 
(Table  1). 

Thomas  (19166)  noted  that  the  color  of  the  ventral  surface  was 
“buffy  or  drabby  whitish,”  and  remarked  on  “its  peculiar  white  chin” 
which  he  stated  was  unique  (subsequently,  he  described  other  species 
with  white  chin  spots).  Our  specimens  correspond  precisely  with  the 
description  of  A.  v.  simulator,  leaving  no  doubt  as  to  their  identity. 

Specimens  Examined 

Numbers  of  specimens  examined  cytologically  are  listed  in  parentheses  immediately 
following  total  numbers  of  males  and  females  examined.  All  specimens  are  deposited  in  the 
Section  of  Mammals,  Carnegie  Museum  of  Natural  History. 

Akodon  caenosus  (18).— Argentina.  Jujuy : Yala  Lagunas  Road,  W of  junction  with 
Highway  9,  5 8,  2 9.  Tucuman : El  Cadillal,  3 (1)  6,  2 (1)  9;  Horco  Molle,  15  km  W 
San  Miguel  de  Tucuman,  3 6,  3 9. 

Akodon  boliviensis  (59). — Argentina.  Catamarca : 0.5  mi  N Andalgala,  19,3  km 
WNW  Concepcion,  1 (1)  8 , 1 (1)  9 ; 3.5  mi  N Andalgala  on  Rio  Andalgala,  3 (1)  9;  El 
Potrero  Dike,  13  km  N Andalgala,  1 (1)  9;  La  Toma,  6.5  km  N (by  road)  Highway  63 
on  La  Toma  Road,  1 6 . Salta : Dept.  Oran,  24  km  N Agua  Blanca,  9 (2)  8,  9 (2)  9. 
Tucuman : El  Cadillal,  11  8 , 14  (2)  9;  Horco  Molle,  15  km  W San  Miguel  de  Tucuman, 
2 8,  6 9. 

Akodon  varius  (160).— Argentina.  Catamarca:  0.5  mi  N Andalgala,  5 8,  18  (2)  9; 
3.5  mi  N Andalgala  on  Rio  Andalgala,  2 (2)  9;  El  Potrero  Dike,  13  km  N Andalgala,  1 
8 ; 23  km  SW  (by  Road  60)  Chumbicha,  1(1)  8;  La  Toma,  6.5  km  N (by  road)  Highway 
63  on  La  Toma  Road,  2(1)  8.  Tucuman:  El  Cadillal,  37  (4)  8,  46  (3)  9 ; Horco  Molle, 
15  km  W San  Miguel  de  Tucuman,  25  8,  23  9. 
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Abstract 

The  nominal  species  of  southeastern  pocket  gophers  ( Geomys  pinetis,  G.  colonus,  G. 

\ cumberlandius,  and  G.  fontanelus ),  which  collectively  occupy  a geographic  range  on 
the  Atlantic  and  Gulf  coastal  plain  of  Alabama,  Georgia,  and  Florida,  were  examined 
j for  morphological  variation.  Univariate  and  multivariate  analyses  were  used  to  deter- 
! mine  age,  sexual,  individual,  and  geographic  variation  in  G.  pinetis.  Significant  differ- 
ences were  found  among  different  age  classes  and  between  sexes.  Males  displayed 
higher  individual  variation  than  females  and  external  measurements  were  more  variable 
than  cranial  measurements.  Of  the  four  named  species  in  the  pinetis -species  group 
( colonus , cumberlandius,  fontanelus,  and  pinetis ),  only  Geomys  pinetis  is  recognized 
as  a distinct  species.  In  G.  pinetis,  only  two  subspecies,  G.  p.  fontanelus  and  G.  p. 
j pinetis,  were  recognized  after  analyses  of  geographic  variation. 

Introduction 

This  is  the  third  in  a series  of  papers  describing  morphological  vari- 
| ation  in  members  of  the  genus  Geomys  (Williams  and  Genoways,  1977, 
1978).  The  southeastern  pocket  gopher,  Geomys  pinetis,  occupies  a 
geographic  range  on  the  Atlantic  and  Gulf  coastal  plain  of  Georgia, 
Alabama,  and  Florida.  At  the  beginning  of  our  study  four  species  were 
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recognized  in  the  pinetis -species  group  (Hall  and  Kelson,  1959).  Three 
of  the  species — fontanelus,  colonus,  and  cumberlandius— occupied 
very  restricted  ranges  peripheral  to  that  of  G.  pinetis.  G.  pinetis  was 
divided  into  five  described  subspecies —austrinus,  floridanus,  goffi, 
mobilensis,  and  pinetis  (Hall  and  Kelson,  1959;  Pembleton  and  Wil- 
liams, 1978). 

The  systematics  of  all  southeastern  pocket  gophers  has  not  been 
reviewed  since  Merriam’s  work  (1895).  Bangs  (1898)  reviewed  a num- 
ber of  the  named  taxa  and  described  three  new  ones.  Subsequently, 
Sherman  described  one  new  species  (1940)  and  one  new  subspecies 
(1944).  In  recent  years,  the  actual  taxonomy  of  the  southeastern  pocket 
gophers  has  been  questioned  (Baker  and  Williams,  1974;  Blair  et  al., 
1968).  Thus,  the  significant  points  are  that  the  last  work  on  the  tax- 
onomy of  the  southeastern  pocket  gophers  was  in  the  mid  1940’s  and 
the  group  as  a whole  has  not  been  reviewed  in  this  century. 

Harper  (1952)  presented  an  excellent  discussion  of  the  early  nomen- 
clatural  history  of  this  species.  Most  of  the  earlier  papers  on  G.  pinetis 
used  the  name  G.  tuza.  However,  Harper  (1952)  presented  the  reasons 
for  considering  G.  tuza  as  a nomen  dubium.  Our  work  does  not  con- 
tradict his  interpretation;  therefore,  we  use  the  name  Geomys  pinetis. 

We  conducted  both  univariate  and  multivariate  analyses  using  spec- 
imens of  all  of  the  named  taxa  in  the  pinetis -species  group.  Our  ob- 
jective was  to  analyze  the  relationships  among  these  taxa  and  to  de- 
scribe the  morphological  variation  in  the  recognized  species.  The 
results  of  our  analyses  are  given  below. 

Methods 

Three  external  and  13  cranial  measurements  were  taken  from  specimens  examined. 
The  external  measurements  used  were  those  initially  recorded  by  the  collector.  Cranial 
measurements  recorded  are  described  by  Williams  and  Genoways  (1977)  and  were  taken 
by  means  of  dial  calipers,  accurate  to  one-tenth  millimeter.  Male  and  female  specimens 
were  separated  and  then  assigned  to  one  of  three  age  groups  as  described  by  Williams 
and  Genoways  (1977).  In  this  study  another  age  class  was  recognized.  This  age  class  is 
younger  than  juvenile  and  is  characterized  by  the  presence  of  deciduous  premolars. 

For  analysis  of  geographic  variation,  adult  specimens  were  grouped  into  31  samples 
as  follows  (Fig.  1):  sample  l — Tuscaloosa  Co.,  Alabama;  sample  2— -Jefferson  and  Rich- 
mond counties,  Georgia;  sample  3 — Crawford,  Houston,  Macon,  Talbot,  and  Taylor 
counties,  Georgia;  sample  4 — Bryan,  Emanuel,  Jenkins,  and  Screven  counties,  Georgia; 
sample  5 — Autauga,  Clarke,  and  Dallas  counties,  Alabama;  sample  6— Ben  Hill,  Dodge, 
Pulaski,  Telfair,  and  Wheeler  counties,  Georgia;  sample  7— Chatham  Co.,  Georgia; 
sample  8 — Barbour,  Bullock,  Dale,  Henry,  and  Russell  counties,  Alabama;  sample  9 — 
Baker,  Clay,  Dougherty,  and  Quitman  counties,  Georgia;  sample  10 — Appling,  Tattnall, 
Ware,  and  Wayne  counties,  Georgia;  sample  11 — Baldwin  Co.,  Alabama,  and  Escambia 
and  Santa  Rosa  counties,  Florida;  sample  72— Houston  Co.,  Alabama,  and  Bay,  Cal- 
houn, Holmes,  Jackson,  Okaloosa,  Walton,  and  Washington  counties,  Florida;  sample 
13 — Gadsden,  Leon,  and  Wakulla  counties,  Florida,  and  Decatur,  Grady,  and  Thomas 
counties,  Georgia;  sample  14 — Hamilton,  Madison,  and  Suwannee  counties,  Florida, 
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Fig.  1 .—Approximate  geographic  areas  included  in  the  31  samples  of  Geomys  from 
southeastern  United  States.  Dots  represent  collecting  localities  of  specimens  examined 
in  this  study.  See  text  for  localities  included  in  each  sample.  Dots  not  included  within 
a sample  were  not  used  in  analysis  of  geographic  variation. 


408 


Annals  of  Carnegie  Museum 


vol.  49 


and  Cook  and  Lanier  counties,  Georgia;  sample  15— vicinity  of  Kingsland,  Camden  Co. 
(localities  in  Camden  Co.  not  included  in  samples  12  and  14)  and  Glynn  Co.,  Georgia; 
sample  16 — Cumberland  Island,  Camden  Co.,  Georgia  (documented  localities  of  Geo- 
mys  cumberlandius)',  sample  17 — vicinity  (within  four  miles)  of  St.  Marys,  Camden  Co., 
Georgia  (documented  localities  of  Geomys  colonus)’,  sample  18 — Duval  (not  including 
that  portion  east  of  St.  Johns  River)  and  Nassau  counties,  Florida;  sample  19— Baker, 
Columbia,  and  Union  counties,  Florida;  sample  20 — Dixie,  Gilchrist,  Lafayette,  and 
Taylor  counties,  Florida;  sample  2/— Alachua  Co.,  Florida;  sample  22— Clay  and  Put- 
nam (west  of  St.  Johns  River)  counties,  Florida;  sample  23 — Duval  (east  of  St.  Johns 
River),  Flagler,  Putnam  (east  of  St.  Johns  River),  St.  Johns,  and  Volusia  counties, 
Florida;  sample  24 — Citrus  and  Levy  counties,  Florida;  sample  25 — Marion  Co.,  Flor- 
ida; sample  26 — Lake,  Orange,  Seminole,  and  Sumter  counties,  Florida;  sample  27 — 
Hernando,  Pasco,  and  Pinellas  counties,  Florida;  sample  28— Hillsborough  and  Manatee 
counties,  Florida;  sample  29 — Osceola  and  Polk  counties,  Florida;  sample  JO— Brevard 
Co.,  Florida;  sample  31 — De  Soto,  Hardee,  and  Highlands  counties,  Florida.  Acronyms 
used  for  listing  specimens  examined  are  given  in  the  section  for  acknowledgments.  The 
acronym  for  Carnegie  Museum  used  in  text  is  CM. 

Univariate  analyses  were  performed  using  the  program  UNIVAR.  This  program  yields 
standard  statistics  (mean,  range,  standard  deviation,  standard  error  of  mean,  variance, 
and  coefficient  of  variation),  and  employs  a single-classification  analysis  of  variance  (F- 
test,  significance  level  0.05)  to  test  for  significant  differences  between  or  among  means 
(Sokal  and  Rohlf,  1969).  When  means  were  found  to  be  significantly  different,  the  Sum 
of  Squares  Simultaneous  Test  Procedure  (SS-STP)  developed  by  Gabriel  (1964)  was 
used  to  determine  maximally  nonsignificant  subsets. 

Cluster  and  principal  components  analyses  were  performed  using  the  MINT  program. 
Matrices  of  Q-mode  correlation  (among  OTUs)  and  phenetic  distance  coefficients  were 
computed.  Cluster  analyses  were  conducted  using  UPGMA  (unweighted  pair-group 
method  using  arithmetic  averages)  on  the  correlation  and  distance  matrices  and  a phe- 
nogram  was  generated  for  each.  A map,  showing  the  distance  coefficients  between 
contiguous  samples,  was  prepared.  Phenograms  were  compared  with  their  respective 
matrices,  and  a coefficient  of  cophenetic  correlation  was  computed.  A matrix  of  Pear- 
son’s product-moment  correlation  among  characters  was  computed,  and  the  first  three 
principal  components  extracted.  Projections  of  the  OTUs  onto  the  first  three  principal 
components  were  made. 

Stepwise  discriminant  analysis  and  canonical  analysis  (BMDP7M,  Dixon  and  Brown, 
1977)  are  techniques  that  define  and  separate  groups.  The  program  performs  a multiple 
discriminant  analysis  in  a stepwise  manner,  selecting  the  variable  entered  by  finding  the 
variable  with  the  greatest  F value.  The  F value  for  inclusion  was  set  at  0.01,  and  the  F 
value  for  deletion  was  set  at  0.05.  Canonical  coefficients  were  derived  by  multiplying 
the  coefficients  of  each  discriminant  function  by  the  mean  of  each  corresponding  vari- 
able. The  program  also  classifies  individuals,  placing  them  with  the  group  that  they  are 
nearest  to  on  the  discriminant  functions. 

Results 

Nongeographic  Variation 

The  sample  of  Geomys  pinetis  from  Alachua  Co.,  Florida,  was  sub- 
jected to  univariate  analyses  to  determine  the  extent  of  nongeographic 
variation  in  the  species.  We  examined  three  types  of  nongeographic 
variation — age,  secondary  sexual,  and  individual. 

Variation  with  Age. — Table  1 gives  the  results  of  the  analyses  for 
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variation  with  age  in  males  and  females.  All  measurements  for  both 
sexes  revealed  significant  variation  with  age. 

For  most  measurements,  each  of  the  three  age  classes  represented 
a nonoverlapping  subset.  Measurements  showing  another  pattern  in- 
cluded length  of  tail,  length  of  hind  foot,  interorbital  constriction  (for 
both  sexes),  total  length,  and  length  of  nasals.  All  of  these  measure- 
ments show  the  adults  and  subadults  forming  a subset  that  is  distinct 
from  juveniles.  Adults  averaged  the  largest  in  all  measurements  and 
juveniles  the  smallest.  Two  individuals  were  examined  that  are  con- 
sidered to  be  a younger  age  group  than  juveniles.  The  specimens,  a 
male  and  female,  are  characterized  by  the  presence  of  deciduous  pre- 
molars. Cranial  measurements  (in  mm)  for  these  individuals  (male  fol- 
lowed by  female)  are  as  follows:  greatest  length  of  skull,  33.4,  33.1; 
condylobasal  length,  32.8,  32.3;  basal  length,  27.9,  28.0;  palatal  length, 
19.0,  18.7;  palatofrontal  depth,  12.2,  12.1;  length  of  nasals,  9.3,  9.7; 
diastema,  9.5,  9.5;  zygomatic  breadth,  17.6,  18.0;  mastoid  breadth, 
17.9,  17.9;  squamosal  breadth,  16.6,  16.0;  rostral  breadth,  8.3,  7.7; 
interorbital  constriction,  7.1,  6.9;  breadth  across  maxillaries,  6.9,  7.1. 
Except  for  rostral  breadth  and  interorbital  constriction,  and  breadth 
across  maxillaries  (in  females),  all  measurements  were  less  than  the 
same  measurement  for  juveniles  of  the  respective  sexes.  Clearly,  the 
four  age  groups  that  we  recognized  are  morphologically  distinct.  In 
the  following  analyses,  we  have  used  only  adults. 

Secondary  Sexual  Variation. — The  same  adult  male  and  female  sam- 
ples used  in  the  age  variation  analyses  were  examined  for  secondary 
sexual  variation  (Table  1).  Males  averaged  significantly  larger  than 
females  in  all  measurements  except  interorbital  constriction.  Males  are 
larger  than  females  even  in  this  latter  measurement.  In  all  subsequent 
analyses,  males  and  females  were  treated  separately. 

Individual  Variation. — Coefficients  of  variation  for  adult  males 
ranged  from  3.3  to  8.2  and  for  adult  females  from  3.2  to  9.2  for  the  16 
external  and  cranial  measurements  tested  (Table  1).  Among  cranial 
measurements  breadth  across  maxillaries  (3.3  and  3.2)  had  the  lowest 
value  and  length  of  nasals  (7.5  and  6.2)  had  the  highest  value  for  both 
males  and  females.  The  mean  coefficient  of  variation  for  the  16  mea- 
surements was  4.9  for  males  and  4.6  for  females.  Males  had  larger 
coefficients  of  variation  than  females  in  all  cranial  measurements  ex- 
cept mastoid  breadth. 


Geographic  Variation 

Univariate  Analyses.-—  Samples  of  males  and  females  with  a suffi- 
cient number  of  specimens  (three  or  more)  were  used  in  univariate 
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Table  1. — Variation  with  age  in  external  and  cranial  measurements  of  Geomys  pinetis 
from  Alachua  Co.,  Florida.  Age  classes  were  tested  for  significant  differences  at  the 
0.05  level.  Group  means  that  were  found  to  be  significantly  different  were  tested  with 
SS-STP  to  determine  the  maximally  nonsignificant  subsets.  The  adult  samples  as  listed 
in  this  table  were  used  to  test  for  secondary  sexual  variation.  Measurement  names 
marked  with  an  asterisk  indicate  those  with  significant  (0.05)  secondary  sexual  variation. 


Sex  and 
age  class 

N 

Mean  (range)  ± 2 SE 

cv 

Results 
of  SS-STP 

Total  length  * 

Males 

Adults 

15 

274.5  (252.0-315.0)  ± 8.91 

6.3 

I 

Subadults 

32 

259.0  (215.0-295.0)  ± 6.94 

7.6 

I 

Juveniles 

18 

204.1  (180.0-230.0)  ± 7.17 

7.5 

I 

Females 

Adults 

31 

241.0  (220.0-266.0)  ± 4.30 

4.3 

I 

Subadults 

33 

236.6  (215.0-255.0)  ± 5.21 

5.2 

I 

Juveniles 

18 

204.5  (175.0-236.0)  ± 9.03 
Length  of  tail* 

9.0 

I 

Males 

Adults 

15 

93.8  (80.0-107.0)  ± 3.96 

8.2 

I 

Subadults 

32 

88.5  (75.0-120.0)  ± 3.27 

10.4 

I 

Juveniles 

18 

71.9  (60.0-80.0)  ± 3.35 

9.9 

I 

Females 

Adults 

31 

81.7  (60.0-95.0)  ± 2.71 

9.2 

I 

Subadults 

33 

81.9  (70.0-95.0)  ± 2.20 

7.7 

I 

Juveniles 

18 

71.5  (55.0-85.0)  ± 3.74 
Length  of  hind  foot* 

11.1 

I 

Males 

Adults 

14 

33.8  (30.0-36.0)  ± 0.76 

4.2 

I 

Subadults 

32 

32.9  (30.0-36.0)  ± 0.56 

4.8 

I 

Juveniles 

18 

29.2  (26.0-32.0)  ± 0.77 

5.6 

I 

Females 

Adults 

31 

30.6  (22.0-35.0)  ± 0.81 

7.4 

I 

Subadults 

33 

30.6  (27.0-34.0)  ± 0.53 

4.9 

I 

Juveniles 

18 

28.8  (25.0-32.0)  ± 0.86 
Greatest  length  of  skull* 

6.4 

I 

Males 

Adults 

18 

54.2  (50.6-58.4)  ± 0.95 

3.7 

I 

Subadults 

30 

49.6  (42.5-54.4)  ± 1.25 

6.9 

I 

Juveniles 

18 

38.8  (35.3-43.5)  ± 1.14 

6.2 

I 

Females 

Adults 

31 

46.5  (44.0-49.2)  ± 0.51 

3.1 

I 

Subadults 

33 

44.6  (35.6-52.9)  ± 1.07 

6.9 

I 

Juveniles 

17 

39.0  (35.2-44.1)  ± 1.12 

5.9 

I 
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Table  1. — Continued. 


Sex  and 
age  class 

N 

Mean  (range)  ± 2 SE 

cv 

Results 
of  SS-STP 

Condylobasal  length* 

Males 

Adults 

19 

53.1 

(50.1-57.7) 

± 0.93 

3.8 

I 

Subadults 

35 

48.4 

(40.4-53.7) 

± 1.24 

7.6 

I 

Juveniles 

20 

37.2 

(36.8-41.2) 

± 0.56 

6.7 

I 

Females 

Adults 

32 

45.6 

(42.9-48.4) 

± 0.55 

3.4 

I 

Subadults 

36 

43.9 

(40.0-51.5) 

± 0.81 

5.5 

I 

Juveniles 

19 

37.9 

(34.7-42.8)  ± 1.02 
Basal  length* 

5.9 

I 

Males 

Adults 

19 

49.7 

(47.1-54.0) 

± 0.88 

3.9 

I 

Subadults 

35 

45.0 

(36.8-50.6) 

± 1.25 

8.3 

I 

Juveniles 

20 

34.1 

(30.7-37.8) 

± 1.01 

6.6 

I 

Females 

Adults 

32 

42.3 

(39.6-44.9) 

± 0.51 

3.4 

I 

Subadults 

36 

40.6 

(36.7-48.2) 

± 0.80 

5.9 

I 

Juveniles 

18 

34.5 

(30.4-39.5)  ± 1.06 
Palatal  length* 

6.5 

I 

Males 

Adults 

19 

35.8 

(33.4-39.2) 

± 0.66 

4.0 

I 

Subadults 

36 

31.9 

(25.7-36.2) 

± 0.99 

9.3 

I 

Juveniles 

20 

23.7 

(20.9-26.6) 

± 0.78 

7.4 

I 

Females 

Adults 

32 

30.0 

(28.0-31.8) 

± 0.38 

3.6 

I 

Subadults 

36 

28.7 

(25.7-34.5) 

± 0.63 

6.6 

I 

Juveniles 

20 

23.5 

1 

(20.7-28.3) 

Palatofrontal 

± 0.85 
depth  * 

8.0 

I 

Males 

Adults 

19 

18.5 

(16.7-20.8) 

± 0.40 

4.7 

I 

Subadults 

36 

16.9 

(14.5-18.6) 

± 0.39 

6.9 

I 

Juveniles 

22 

14.1 

(12.8-15.6) 

± 0.33 

5.4 

I 

Females 

Adults 

32 

16.3 

(15.0-17.7) 

± 0.23 

3.9 

I 

Subadults 

36 

15.7 

(14.3-18.1) 

± 0.28 

5.3 

I 

Juveniles 

20 

13.8 

(12.4-15.7)  ±0.34 
Length  of  nasals* 

5.6 

I 

Males 

Adults 

18 

20.4 

(16.6-22.6) 

± 0.72 

7.5 

I 

Subadults 

31 

18.4 

(14.0-21.0) 

± 0.62 

9.4 

I 

Juveniles 

18 

13.1 

(11.0-15.1) 

± 0.58 

9.5 

1 
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Table  1. — Continued. 


Sex  and  Results 

age  class  N Mean  (range)  ± 2 SE  CV  of  SS-STP 


Females 


Adults 

31 

16.9 

(15.0-18.9) 

± 0.38 

6.2 

I 

Subadults 

33 

16.1 

(13.5-20.3) 

± 0.55 

9.8 

I 

Juveniles 

18 

12.9 

(10.8-15.3) 

± 0.53 

8.7 

I 

Diastema  * 

' 

Males 

Adults 

19 

21.7 

(19.9-25.0) 

± 0.59 

6.0 

I 

Subadults 

36 

18.6 

(13.8-22.2) 

± 0.79 

12.8 

I 

Juveniles 

22 

12.5 

(10.4-14.8) 

± 0.55 

10.3 

I 

Females 

Adults 

32 

17.1 

(15.6-19.0) 

± 0.32 

5.4 

I 

Subadults 

36 

16.2 

(14.0-20.6) 

± 0.48 

8.9 

I 

Juveniles 

20 

12.4 

(10.4-15.6) 

± 0.58 

10.5 

I 

Zygomatic  breadth * 

Males 

Adults 

19 

32.5 

(29.9-36.2) 

± 0.73 

4.9 

I 

Subadults 

36 

28.4 

(19.9-33.1) 

± 1.11 

11.8 

I 

Juveniles 

20 

21.0 

(18.7-23.7) 

± 0.63 

6.7 

I 

Females 

Adults 

32 

26.9 

(23.5-30.0) 

± 0.42 

4.4 

I 

Subadults 

36 

25.7 

(23.0-32.0) 

± 0.63 

7.4 

I 

Juveniles 

18 

21.2 

(19.4-23.8) 

± 0.59 

5.9 

I 

Mastoid  breadth* 

Males 

Adults 

19 

27.7 

(26.1-29.8) 

± 0.45 

3.5 

I 

Subadults 

36 

25.3 

(21.2-29.3) 

± 0.67 

7.9 

I 

Juveniles 

22 

20.9 

(19.1-23.3) 

± 0.47 

5.3 

I 

Females 

Adults 

31 

24.2 

(22.5-26.1) 

± 0.36 

4.1 

I 

Subadults 

36 

23.4 

(21.1-28.0) 

± 0.45 

5.7 

I 

Juveniles 

19 

20.8 

(19.0-23.6) 

± 0.51 

5.4 

I 

Squamosal  breadth 

Males 

Adults 

19 

20.1 

(19.0-21.5) 

± 0.33 

3.6 

I 

Subadults 

36 

19.3 

(17.0-21.8) 

± 0.35 

5.5 

I 

Juveniles 

22 

17.7 

(16.8-18.9) 

± 0.24 

3.2 

I 

Females 

Adults 

30 

18.9 

(17.8-20.3) 

± 0.12 

3.4 

I 

Subadults 

36 

18.5 

(17.0-20.9) 

± 0.15 

4.7 

I 

I 

Juveniles 

19 

17.7 

(16.2-19.6) 

± 0.37 

4.5 

I 
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Table  1. — Continued. 


Sex  and 
age  class 

N 

Mean  (range)  ± 2 SE 

cv 

Results 
of  SS-STP 

Rostral  breadth  * 

Males 

Adults 

19 

11.2 

(10.2-12.7) 

± 0.28 

5.4 

I 

Subadults 

36 

10.2 

(8.3-11.7) 

± 0.28 

8.2 

I 

Juveniles 

22 

8.4 

(7. 7-9.4) 

± 0.18 

5.1 

I 

Females 

Adults 

32 

9.8 

(8.7-11.5) 

± 0.18 

5.3 

I 

Subadults 

36 

9.5 

(8.2-11.4) 

± 0.21 

6.8 

I 

Juveniles 

20 

8.5  (7. 5-9. 8)  ± 0.29 

Interorbital  constriction 

7.6 

I 

Males 

Adults 

19 

7.4 

(6.4-8. 1) 

± 0.21 

6.0 

I 

Subadults 

36 

7.3 

(6.5-8. 1) 

± 0.14 

5.7 

I 

Juveniles 

22 

7.0 

(6. 7-7. 4) 

± 0.09 

3.1 

I 

Females 

Adults 

32 

7.3 

(6. 8-7. 8) 

± 0.10 

3.8 

I 

Subadults 

36 

7.2 

(6. 7-7. 9) 

± 0.11 

4.5 

I 

Juveniles 

19 

6.9  (6.3-7. 5)  ±0.14 

Breadth  across  maxillaries* 

4.3 

I 

Males 

Adults 

19 

9.2 

(8. 4-9. 7) 

± 0.14 

3.3 

I 

Subadults 

36 

8.7 

(7. 8-9. 8) 

± 0.15 

5.3 

I 

Juveniles 

22 

7.7 

(7. 2-8. 3) 

± 0.15 

4.4 

I 

Females 

Adults 

32 

8.7 

(8. 1-9.3) 

± 0.10 

3.2 

I 

Subadults 

36 

8.5 

(7. 6-9. 3) 

± 0.13 

4.5 

I 

Juveniles 

20 

7.8 

(7. 1-8.6) 

± 0.20 

5.7 

I 

analyses.  Results  of  these  analyses  of  variance  and  SS-STP  for  these 
samples  are  shown  in  Table  2. 

Three  measurements  (palatofrontal  depth,  zygomatic  breadth,  and 
mastoid  breadth)  revealed  no  geographic  variation  among  samples  of 
males.  Females  exhibited  significant  geographic  variation  in  all  mea- 
surements studied. 

The  remaining  measurements  had  relatively  low  variability.  For 
males,  four  measurements  had  two  nonsignificant  subsets  and  six  mea- 
surements had  only  three  subsets.  These  subsets  were  broadly  over- 
lapping with  only  the  largest-sized  samples  being  separated  from  the 
smallest-sized  in  most  cases.  The  remaining  three  measurements — ros- 
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Table  2. — Geographic  variation  in  external  and  cranial  measurements  of  Geomys  from 
southeastern  United  States.  Samples  are  defined  in  text  and  were  tested  for  significant 
differences  at  the  0.05  level.  Sample  means  that  were  found  to  be  significantly  different 
were  tested  with  SS-STP  to  determine  the  maximally  nonsignificant  subsets.  Samples 
with  fewer  than  three  individuals  for  a given  measurement  are  omitted  from  this  table. 


Sex  and 
locality 

number  N Mean  (range)  ± 2 SE  CV  Results  of  SS-STP 

Total  length 

Males 


16 

10 

310.1  (296.0-324.0) 

5.56 

2.8 

I 

31 

3 

300.0  (292.0-305.0) 

8.08 

2.3 

I 

I 

30 

4 

290.7  (280.0-299.0) 

-h 

8.26 

2.8 

I 

I 

I 

27 

8 

284.5  (266.0-300.0) 

± 

8.78 

4.4 

I 

I 

I 

29 

3 

284.0  (282.0-286.0) 

± 

2.31 

0.7 

I 

I 

I 

23 

5 

282.4  (273.0-290.0) 

6.62 

2.6 

I 

I 

I 

2 

15 

281.1  (270.0-303.0) 

5.33 

3.7 

I 

I 

18 

15 

279.7  (243.0-298.0) 

7.48 

5.2 

I 

I 

17 

5 

279.1  (264.0-288.0) 

9.23 

3.7 

I 

I 

6 

3 

278.0  (262.0-295.0) 

± 

19.08 

5.9 

I 

I 

10 

5 

277.6  (255.0-286.0) 

11.50 

4.6 

I 

I 

4 

7 

277.4  (255.0-300.0) 

± 

11.27 

5.4 

I 

1 

15 

6 

277.2  (267.0-290.0) 

± 

6.48 

2.9 

I 

I 

21 

15 

274.5  (252.0-315.0) 

8.91 

6.3 

I 

I 

9 

3 

274.0  (262.0-293.0) 

19.22 

6.1 

I 

I 

25 

7 

271.1  (257.0-291.0) 

8.47 

4.1 

I 

I 

12 

6 

270.3  (252.0-286.0) 

11.86 

5.4 

I 

I 

11 

3 

254.7  (245.0-260.0) 

9.68 

3.3 

I 

Females 

30 

3 

266.3  (261.0-275.0) 

H- 

8.74 

2.8 

I 

16 

7 

263.3  (245.0-276.0) 

+ 

8.85 

4.4 

I 

28 

4 

255.7  (244.0-265.0) 

9.60 

3.7 

I 

I 

23 

13 

255.5  (236.0-285.0) 

6.84 

4.8 

I 

I 

I 

22 

4 

255.5  (244.0-265.0) 

9.40 

3.7 

I 

I 

I 

I 

2 

11 

251.9  (235.0-265.0) 

+ 

6.33 

4.2 

I 

I 

I 

I 

17 

5 

251.6  (241.0-255.8) 

± 

5.43 

2.4 

I 

I 

I 

I 

I 

27 

16 

251.3  (230.0-272.0) 

± 

6.72 

5.3 

I 

I 

I 

I 

I 

29 

6 

250.3  (237.0-262.0) 

± 

8.08 

3.9 

I 

I 

I 

I 

I 

18 

19 

249.7  (225.0-281.0) 

± 

5.78 

5.0 

I 

I 

I 

I 

I 

4 

3 

249.0  (248.0-250.0) 

± 

1.15 

0.4 

I 

I 

I 

I 

I 

I 

7 

3 

248.7  (242.0-254.0) 

± 

7.05 

2.5 

I 

I 

I 

I 

I 

I 

9 

9 

247.4  (231.0-263.0) 

± 

7.67 

4.7 

1 

I 

I 

I 

I 

I 

24 

9 

246.9  (231.0-265.0) 

Hh 

7.47 

4.5 

I 

I 

I 

I 

I 

I 

3 

5 

245.6  (229.0-259.0) 

+ 

10.73 

4.9 

I 

I 

I 

I 

I 

I 

25 

9 

243.8  (230.0-256.0) 

± 

5.51 

3.4 

I 

I 

I 

I 

I 

I 

26 

5 

243.7  (220.5-255.0) 

± 

12.66 

5.8 

I 

I 

I 

I 

I 

I 

21 

31 

241.0  (220.0-266.0) 

3.72 

4.3 

I 

I 

I 

I 

I 

5 

4 

240.3  (232.0-257.0) 

11.79 

4.9 

I 

I 

I 

I 

I 

10 

8 

239.7  (224.0-255.0) 

6.62 

3.9 

I 

I 

I 

I 

I 

15 

9 

238.5  (217.0-262.0) 

± 

10.53 

6.6 

I 

I 

I 

I 

13 

5 

237.4  (220.0-254.0) 

± 

12.50 

5.9 

I 

I 

I 
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Table  2. — Continued. 


Sex  and 
locality 
number 

N 

Mean  (range)  ± 2 SE 

cv 

Results  of  SS-STP 

6 

5 

234.8  (224.0-248.0) 

± 

8.42 

4.0 

I I 

I 

11 

9 

233.5  (220.0-244.0) 

5.96 

3.8 

I 

I 

12 

22 

231.8  (222.0-246.0) 

3.22 

3.1 

I 

14 

3 

229.0  (215.0-238.0) 

± 

14.19 

5.4 

I 

Length  of  tail 

Males 

16 

10 

105.3 

(95.0-120.0) 

± 

5.22 

7.8 

I 

31 

3 

99.7 

(82.0-111.0) 

± 

17.90 

15.5 

I 

I 

10 

5 

94.1 

(85.0-99.5) 

4.84 

5.7 

I 

I 

21 

15 

93.8 

(80.0-107.0) 

3.96 

8.2 

I 

I 

30 

4 

93.7 

(91.0-95.0) 

1.89 

2.0 

I 

I 

6 

3 

92.7 

(76.0-106.0) 

± 

17.64 

16.5 

I 

I 

15 

6 

92.5 

(82.0-105.0) 

Hh 

6.55 

8.7 

I 

I 

9 

3 

92.3 

(79.0-108.0) 

16.90 

15.9 

I 

I 

4 

7 

92.0 

(83.0-108.0) 

Hh 

6.69 

9.6 

I 

I 

29 

3 

92.0 

(89.0-96.0) 

± 

4.16 

3.9 

I 

I 

2 

15 

91.7 

(84.0-100.0) 

± 

2.96 

6.3 

I 

I 

23 

5 

91.4 

(86.0-94.0) 

± 

2.94 

3.6 

I 

I 

27 

8 

90.5 

(84.0-100.0) 

-h 

3.71 

5.8 

I 

I 

17 

5 

90.3 

(82.0-100.0) 

± 

6.16 

7.6 

I 

I 

12 

6 

89.5 

(78.0-98.0) 

± 

6.21 

8.5 

I 

18 

15 

89.4 

(65.0-104.0) 

5.16 

11.2 

I 

11 

3 

81.3 

(80.0-82.0) 

± 

1.33 

1.4 

I 

25 

7 

81.3 

(72.0-97.0) 

6.56 

10.7 

I 

Females 

7 

3 

91.0 

(84.0-95.0) 

± 

7.02 

6.7 

I 

16 

7 

88.9 

(80.0-98.0) 

± 

5.51 

8.2 

I 

I 

30 

3 

88.0 

(82.0-94.0) 

Hh 

6.93 

6.8 

I 

I 

I 

22 

4 

87.5 

(82.0-92.0) 

± 

4.12 

4.7 

I 

I 

I 

I 

4 

3 

85.0 

(80.0-89.0) 

± 

5.29 

5.4 

I 

I 

I 

I 

5 

4 

84.5 

(74.0-98.0) 

± 

10.25 

12.1 

I 

I 

I 

I 

23 

13 

83.3 

(75.0-97.0) 

± 

4.21 

9.11 

I 

I 

I 

I 

29 

6 

83.2 

(72.0-92.0) 

± 

6.35 

9.3 

I 

I 

I 

I 

2 

11 

82.0 

(75.0-87.0) 

± 

2.41 

4.9 

I 

I 

I 

I 

17 

5 

81.9 

(77.0-84.0) 

± 

2.56 

3.5 

I 

I 

I 

I 

9 

9 

81.9 

(74.0-87.0) 

2.72 

5.0 

I 

I 

I 

I 

27 

16 

81.9 

(72.0-90.0) 

± 

2.96 

7.2 

I 

I 

I 

I 

18 

18 

81.8 

(73.0-91.0) 

± 

2.14 

5.5 

I 

I 

I 

I 

21 

31 

81.7 

(60.0-95.0) 

± 

2.71 

9.2 

I 

I 

I 

I 

24 

9 

80.9 

(59.0-90.0) 

7.20 

13.3 

I 

I 

I 

I 

28 

4 

80.5 

(74.0-89.0) 

6.25 

7.7 

I 

I 

I 

I 

10 

8 

79.4 

(67.0-90.0) 

-h 

4.55 

8.1 

I 

I 

I 

I 

15 

9 

78.4 

(70.0-95.0) 

± 

6.49 

12.4 

I 

I 

I 

I 

26 

5 

78.3 

(50.4-95.0) 

15.23 

21.7 

I 

I 

I 

I 

6 

4 

77.5 

(69.0-88.0) 

7.94 

10.2 

I 

I 

I 

I 

12 

22 

77.2 

(68.0-90.0) 

± 

2.49 

7.6 

I 

I 

I 

I 

3 

5 

76.2 

(70.0-81.0) 

3.65 

5.4 

I 

I 

I 

I 
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Table  2. — Continued. 


Sex  and 
locality 

number  N Mean  (range)  ± 2 SE  CV  Results  of  SS-STP 


13 

5 

75.2 

(66.0-87.0) 

7.33 

10.9 

I 

I 

I 

25 

9 

74.8 

(57.0-88.0) 

± 

6.77 

13.6 

I 

I 

11 

9 

74.0 

(60.0-81.0) 

4.23 

8.6 

I 

14 

3 

73.3 

(64.0-79.0) 

9.40 

11.1 

Length  of  hind  foot 

Males 

31 

3 

38.0 

(37.0-40.0) 

2.00 

4.5 

I 

30 

4 

36.5 

(36.0-37.0) 

0.58 

1.6 

I 

I 

16 

9 

35.7 

(34.0-37.0) 

0.65 

2.7 

I 

I 

I 

27 

8 

35.3 

(33.0-39.0) 

1.35 

5.4 

I 

I 

I 

29 

3 

35.0 

(33.0-37.0) 

2.31 

5.7 

I 

I 

I 

9 

3 

35.0 

(34.0-37.0) 

2.00 

4.9 

I 

I 

I 

25 

7 

34.9 

(32.0-38.0) 

1.41 

5.3 

I 

I 

I 

4 

7 

34.7 

(34.0-37.0) 

± 

0.84 

3.2 

I 

I 

I 

23 

5 

34.6 

(33.0-36.0) 

1.02 

3.3 

I 

I 

I 

18 

15 

34.5 

(30.0-39.0) 

1.03 

5.8 

I 

I 

I 

2 

15 

34.3 

(33.0-36.0) 

0.53 

3.0 

I 

I 

I 

10 

5 

34.0 

(32.0-35.0) 

1.09 

3.6 

I 

I 

I 

15 

6 

33.8 

(32.0-35.0) 

0.95 

3.5 

I 

I 

I 

21 

14 

33.8 

(30.0-36.0) 

0.76 

4.2 

I 

I 

17 

4 

33.7 

(32.0-36.0) 

1.71 

5.1 

I 

I 

12 

6 

33.6 

(31.0-35.5) 

1.68 

6.1 

I 

I 

6 

3 

33.2 

(30.0-35.5) 

3.28 

8.6 

I 

I 

11 

3 

33.0 

(32.0-34.0) 

± 

1.15 

3.0 

I 

Females 

29 

6 

33.4 

(32.0-35.0) 

0.91 

3.3 

I 

30 

3 

33.3 

(31.0-35.0) 

2.40 

6.2 

I 

25 

9 

33.3 

(32.0-36.0) 

0.82 

3.7 

I 

28 

4 

33.0 

(30.0-36.0) 

± 

2.45 

7.4 

I 

I 

7 

3 

33.0 

(32.0-35.0) 

2.00 

5.2 

I 

I 

23 

13 

32.7 

(29.9-36.0) 

Hh 

0.90 

5.0 

I 

I 

I 

22 

4 

32.5 

(31.0-35.0) 

+ 

1.73 

5.3 

I 

I 

I 

17 

4 

32.5 

(31.0-34.0) 

1.29 

4.0 

I 

I 

I 

26 

5 

32.3 

(28.3-35.0) 

2.21 

7.6 

I 

I 

I 

24 

8 

32.3 

(29.0-35.0) 

1.29 

5.7 

I 

I 

I 

18 

19 

32.1 

(30.0-35.0) 

+ 

0.64 

4.3 

I 

I 

I 

16 

6 

32.0 

(29.0-35.0) 

Hr 

0.82 

1.6 

I 

I 

I 

4 

3 

32.0 

(31.0-33.0) 

+ 

1.15 

3.1 

I 

I 

I 

2 

11 

31.7 

(30.0-33.0) 

0.55 

2.9 

I 

I 

I 

3 

5 

31.4 

(30.0-34.0) 

1.50 

5.3 

I 

I 

I 

11 

9 

31.3 

(30.0-33.0) 

0.67 

3.2 

I 

I 

I 

9 

9 

31.1 

(29.0-32.5) 

0.89 

4.3 

I 

I 

I 

27 

14 

31.1 

(25.0-35.0) 

1.54 

9.3 

I 

I 

I 

15 

9 

30.9 

(29.0-33.0) 

± 

0.91 

4.4 

I 

I 

I 

12 

22 

30.8 

(27.0-33.0) 

Hh 

0.55 

4.2 

I 

I 

I 

13 

5 

30.8 

(27.0-33.0) 

2.23 

8.1 

I 

I 

I 
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Table  2. — Continued. 


Sex  and 
locality 
number 

N 

Mean  (range)  ± 2 SE 

cv 

Results  of  SS-STP 

21 

31 

30.6 

(22.0-35.0) 

0.81 

7.4 

I 

I 

10 

8 

30.5 

(29.0-33.0) 

0.93 

4.3 

I 

I 

14 

3 

30.0 

(29.0-31.0) 

± 

1.15 

3.3 

I 

I 

6 

5 

29.5 

(26.5-32.0) 

± 1.79  6.8 

Greatest  length  of  skull 

I 

Males 

31 

3 

55.9 

(53.4-58.2) 

+ 

2.77 

4.3 

I 

16 

8 

55.5 

(54.4-57.0) 

0.79 

2.0 

I 

26 

4 

55.3 

(53.9-56.6) 

1.21 

2.2 

I I 

17 

6 

55.1 

(53.1-57.0) 

1.11 

2.5 

I I 

15 

5 

54.4 

(52.5-56.4) 

± 

1.66 

3.4 

I I 

10 

5 

54.3 

(50.0-57.2) 

2.44 

5.0 

I I 

21 

18 

54.2 

(50.6-58.4) 

± 

0.95 

3.7 

I I 

18 

9 

54.1 

(51.2-59.0) 

4- 

1.78 

4.9 

I I 

23 

5 

53.9 

(51.6-55.7) 

1.70 

3.5 

I I 

12 

5 

53.7 

(51.0-56.1) 

1.99 

4.1 

I I 

27 

7 

53.7 

(51.5-56.8) 

± 

1.55 

3.8 

I I 

30 

5 

53.7 

(52.1-55.2) 

± 

1.05 

2.2 

I I 

9 

3 

53.5 

(52.4-54.7) 

± 

1.33 

2.1 

I I 

29 

3 

53.2 

(51.2-55.4) 

2.43 

4.0 

I I 

6 

5 

53.2 

(50.5-55.1) 

1.66 

3.5 

I I 

22 

3 

52.8 

(51.6-53.9) 

1.33 

2.2 

I I 

13 

3 

52.7 

(51.0-53.8) 

± 

0.79 

2.8 

I I 

2 

12 

52.6 

(50.7-54.5) 

1.70 

2.6 

I I 

4 

7 

52.6 

(50.7-55.2) 

± 

1.17 

3.0 

I I 

11 

3 

52.6 

(51.6-54.0) 

1.46 

2.4 

I I 

25 

7 

52.1 

(50.4-53.8) 

± 

0.90 

2.3 

I 

Females 

17 

4 

48.2 

(46.7-49.6) 

± 

1.36 

2.8 

I 

16 

7 

48.1 

(46.5-49.2) 

± 

0.77 

2.1 

I I 

30 

3 

47.5 

(46.1-49.1) 

± 

0.64 

1.8 

I I 

I 

22 

5 

47.1 

(45.8-48.2) 

Hh 

0.82 

1.9 

I I 

I 

18 

12 

47.1 

(45.0-49.3) 

+ 

0.87 

3.2 

I I 

I 

27 

16 

46.9 

(44.2-49.3) 

± 

0.75 

3.2 

I I 

I 

9 

8 

46.8 

(44.7-49.0) 

1.16 

3.5 

I I 

I 

23 

14 

46.7 

(43.0-48.1) 

± 

0.73 

2.9 

I I 

I 

5 

4 

46.7 

(46.1-47.3) 

+ 

0.55 

1.2 

I I 

I 

26 

6 

46.6 

(44.6-48.1) 

0.99 

2.6 

I I 

I 

21 

31 

46.5 

(44.0-49.2) 

± 

0.51 

3.1 

I I 

I 

15 

9 

46.5 

(42.0-49.1) 

± 

1.68 

5.4 

I I 

I 

24 

6 

46.5 

(45.0-47.7) 

+ 

0.72 

1.9 

I I 

I 

28 

3 

46.2 

(44.1-49.1) 

± 

3.01 

5.7 

I I 

I 

29 

7 

46.1 

(45.1-47.3) 

+ 

0.64 

1.8 

I I 

I 

25 

9 

46.1 

(44.9-47.7) 

0.50 

1.6 

I I 

I 

10 

6 

46.1 

(44.5-48.1) 

± 

1.07 

2.8 

I I 

I 

3 

4 

46.1 

(43.7-47.3) 

± 

1.63 

3.5 

I I 

I 

N 

3 

5 

7 

5 

21 

12 

4 

3 

10 

5 

5 

6 

6 

14 

19 

5 

6 

8 

5 

5 

3 

3 

4 

3 

12 

7 

3 

7 

7 

4 

6 

3 

5 

18 

16 

9 

4 

8 

10 

32 

14 

9 

7 

5 
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Table  2.— Continued. 


Mean  (range)  ± 2 SE  CV  Results  of  SS-STP 


46.1 

(44.8-47.9) 

1.88 

3.5 

I 

I 

I 

46.0 

(44.2-48.4) 

± 

1.47 

3.6 

I 

I 

I 

45.9 

(45.1-46.9) 

0.59 

1.7 

I 

I 

I 

45.6 

(41.8-49.5) 

± 

2.88 

7.1 

I 

I 

I 

45.6 

(43.3-48.4) 

± 

0.54 

2.7 

I 

I 

I 

45.5 

(44.3-47.2) 

± 

0.63 

2.4 

I 

1 

44.6 

(43.3-45.3) 

± 

0.88 

2.0 

I 

Condylobasal  length 

54.9 

(52.8-57.0) 

± 

2.42 

3.8 

I 

54.7 

(52.7-56.7) 

0.72 

2.1 

I 

I 

54.5 

(52.6-55.9) 

1.32 

2.7 

I 

I 

53.7 

(49.3-59.8) 

3.44 

7.2 

I 

I 

53.6 

(51.7-55.8) 

± 

1.24 

2.8 

I 

I 

53.3 

(50.8-54.9) 

± 

1.63 

3.7 

I 

I 

53.1 

(50.7-59.0) 

± 

1.23 

4.3 

I 

I 

53.1 

(50.1-57.7) 

± 

0.93 

3.8 

I 

I 

53.0 

(48.8-55.8) 

2.38 

5.0 

I 

I 

53.0 

(50.3-55.6) 

1.81 

4.2 

I 

I 

52.9 

(50.3-55.7) 

1.53 

4.1 

I 

I 

52.7 

(49.8-55.2) 

± 

2.01 

4.3 

I 

I 

52.6 

(51.2-53.8) 

± 

0.93 

2.0 

I 

I 

52.3 

(51.0-53.4) 

1.41 

2.3 

I 

I 

52.3 

(50.4-54.3) 

± 

2.25 

3.7 

I 

I 

52.1 

(49.5-54.2) 

± 

2.27 

4.3 

I 

I 

51.8 

(51.1-52.5) 

± 

0.81 

1.3 

I 

I 

51.7 

(49.6-53.4) 

0.69 

2.3 

I 

I 

51.5 

(49.5-53.9) 

1.21 

3.1 

I 

I 

51.4 

(50.1-52.5) 

1.41 

2.4 

I 

I 

51.1 

(49.6-53.4) 

± 

0.97 

2.5 

I 

46.9 

(45.5-48.1) 

± 

0.78 

2.2 

I 

46.7 

(45.4-48.2) 

± 

1.25 

2.7 

I 

I 

46.7 

(44.5-48.5) 

1.28 

3.4 

I 

I 

I 

46.5 

(45.1-47.4) 

± 

1.42 

2.6 

I 

I 

I 

46.2 

(45.5-47.8) 

0.82 

2.0 

I 

I 

I 

I 

46.1 

(44.2-48.5) 

± 

0.60 

2.7 

I 

I 

I 

I 

46.0 

(43.3-48.9) 

0.77 

3.3 

I 

I 

I 

I 

45.9 

(43.8-48.2) 

1.05 

3.4 

I 

I 

I 

I 

45.8 

(45.4-46.0) 

+ 

0.29 

0.6 

I 

I 

I 

I 

45.6 

(43.8-47.0) 

0.72 

2.2 

I 

I 

I 

I 

45.6 

(41.3-47.8) 

1.39 

4.8 

I 

I 

I 

I 

45.6 

(42.9-48.4) 

± 

0.55 

3.4 

I 

I 

I 

I 

45.6 

(42.5-47.0) 

+ 

0.65 

2.7 

I 

I 

I 

I 

45.6 

(43.0-47.3) 

0.84 

2.7 

I 

I 

I 

I 

45.3 

(44.5-46.2) 

0.52 

1.5 

I 

I 

I 

I 

45.2 

(42.1-47.2) 

1.74 

4.3 

I 

I 

I 

I 

1980 
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Table  2. — Continued. 


Sex  and 
locality 
number 

N 

Mean  (range)  ± 2 SE 

cv 

Results  of  SS-STP 

25 

10 

45.2 

(43.9-46.5) 

-h 

0.53 

1.9 

I 

I 

I 

I 

28 

4 

45.1 

(42.9-48.2) 

2.27 

5.0 

I 

I 

I 

I 

11 

8 

45.1 

(44.3-46.1) 

± 

0.47 

1.5 

I 

I 

1 

I 

4 

3 

45.0 

(44.0-46.5) 

1.51 

2.9 

I 

I 

I 

I 

12 

25 

44.9 

(42.5-47.5) 

0.47 

2.6 

I 

I 

I 

I 

10 

8 

44.9 

(42.7-47.0) 

± 

1.00 

3.1 

1 

I 

I 

I 

13 

5 

44.8 

(43.6-47.1) 

± 

1.34 

3.3 

I 

I 

I 

I 

2 

12 

44.4 

(43.3-46.2) 

0.60 

2.3 

I 

I 

I 

6 

5 

43.9 

(40.8-47.2) 

+ 

2.11 

5.4 

I 

I 

14 

4 

43.6 

(42.3-44.4) 

0.93 

2.1 

I 

Basal  length 

Males 

31 

3 

51.8 

(50.2-53.0) 

± 

1.67 

2.8 

I 

16 

10 

51.5 

(49.6-53.4) 

± 

0.69 

2.1 

I 

I 

26 

4 

51.3 

(49.7-52.4) 

± 

1.22 

2.4 

I 

I 

I 

27 

8 

50.0 

(47.1-52.6) 

± 

1.43 

4.0 

I 

I 

I 

12 

6 

50.0 

(47.3-52.7) 

± 

1.68 

4.1 

I 

I 

I 

17 

6 

50.0 

(48.3-52.1) 

± 

1.13 

2.8 

I 

I 

I 

18 

14 

49.9 

(47.3-54.9) 

± 

1.10 

4.1 

I 

I 

I 

30 

5 

49.9 

(48.9-51.1) 

± 

0.77 

1.7 

I 

I 

I 

15 

6 

49.9 

(47.6-52.1) 

± 

1.52 

3.7 

I 

I 

I 

21 

19 

49.7 

(47.1-54.0) 

0.88 

3.9 

I 

I 

I 

10 

5 

49.5 

(45.7-52.5) 

± 

2.23 

5.0 

I 

I 

I 

9 

3 

49.3 

(47.7-50.9) 

± 

1.85 

3.2 

I 

I 

I 

11 

3 

49.2 

(48.3-49.9) 

± 

0.96 

1.7 

I 

I 

I 

23 

5 

49.0 

(46.6-51.8) 

1.89 

4.3 

I 

I 

I 

29 

4 

48.9 

(46.2-50.8) 

2.27 

4.6 

I 

I 

I 

2 

12 

48.8 

(46.7-50.2) 

± 

0.66 

2.3 

I 

I 

I 

4 

7 

48.5 

(46.5-51.1) 

± 

1.31 

3.6 

I 

I 

I 

6 

5 

48.4 

(46.2-50.7) 

± 

1.71 

3.9 

I 

I 

I 

22 

3 

48.3 

(47.8-48.8) 

± 

0.58 

1.0 

I 

I 

I 

13 

3 

48.0 

(47.0-48.7) 

± 

1.03 

1.9 

I 

I 

25 

7 

47.7 

(45.9-49.6) 

± 

0.95 

2.6 

I 

Females 

30 

4 

44.0 

(42.6-45.5) 

1.28 

2.9 

I 

16 

7 

43.9 

(42.4-44.7) 

± 

0.69 

2.1 

I 

I 

17 

6 

43.0 

(41.7-44.3) 

± 

0.91 

2.6 

I 

I 

I 

22 

5 

43.0 

(42.3-44.6) 

0.83 

2.2 

I 

I 

I 

7 

3 

42.9 

(41.8-43.6) 

± 

1.14 

2.3 

I 

I 

I 

I 

27 

16 

42.9 

(40.3-45.5) 

4-. 

0.74 

3.4 

I 

I 

I 

I 

18 

18 

42.8 

(40.3-44.6) 

± 

0.52 

2.6 

I 

I 

I 

I 

5 

12 

41.6 

(40.7-43.2) 

± 

0.58 

2.4 

I 

I 

I 

I 

9 

9 

42.7 

(40.3-44.6) 

± 

1.04 

3.6 

I 

I 

I 

I 

26 

7 

42.4 

(41.4-43.4) 

± 

0.65 

2.0 

I 

I 

I 

I 

3 

5 

42.4 

(39.6-43.7) 

± 

1.44 

3.8 

I 

I 

I 

I 

24 

9 

42.3 

(39.9-43.9) 

± 

0.79 

2.8 

I 

I 

I 

I 

21 

32 

42.3 

(39.6-44.9) 

0.51 

3.4 

I 

I 

I 

I 
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Table  2.- — Continued. 


Sex  and 
locality 
number 

N 

Mean  (range)  ± 2 SE 

cv 

Results  of  SS-STP 

23 

14 

42.2 

(39.7-43.5) 

0.58 

2.6 

I 

I 

I 

I 

15 

10 

42.2 

(38.2-44.7) 

± 

1.37 

5.1 

I 

I 

I 

I 

29 

7 

42.2 

(41.6-43.2) 

0.48 

1.5 

I 

I 

I 

I 

28 

4 

42.1 

(39.6-45.4) 

2.42 

5.7 

I 

I 

I 

I 

25 

10 

41.9 

(40.5-43.1) 

± 

0.53 

2.0 

I 

I 

I 

I 

11 

8 

41.9 

(40.8-43.3) 

± 

0.56 

1.9 

I 

I 

I 

I 

13 

5 

41.8 

(40.1-43.7) 

1.27 

3.4 

I 

I 

I 

I 

12 

25 

41.7 

(38.7-44.7) 

0.50 

3.0 

I 

I 

I 

I 

4 

3 

41.7 

(40.8-42.9) 

1.27 

2.6 

I 

I 

I 

I 

2 

12 

41.6 

(40.3-43.2) 

± 

0.58 

2.4 

I 

I 

I 

I 

10 

8 

41.5 

(39.8-43.5) 

0.99 

3.4 

I 

I 

I 

6 

5 

40.6 

(37.5-43.4) 

1.96 

5.4 

I 

I 

14 

4 

40.1 

(37.9-41.4) 

1.58 

3.9 

I 

Palatal  length 

Males 

16 

10 

37.2 

(35.3-38.9) 

± 

0.68 

2.9 

I 

31 

3 

37.1 

(35.2-38.0) 

1.87 

4.4 

I 

I 

26 

5 

36.4 

(35.3-37.3) 

± 

0.78 

2.4 

I 

I 

17 

6 

36.0 

(34.9-38.1) 

0.95 

3.2 

I 

I 

12 

6 

36.0 

(34.1-37.9) 

1.35 

4.6 

I 

I 

21 

19 

35.8 

(33.4-39.2) 

0.66 

4.0 

I 

I 

15 

6 

35.8 

(33.5-37.1) 

± 

1.36 

4.7 

I 

I 

11 

3 

35.6 

(34.1-36.6) 

1.55 

3.8 

I 

I 

27 

8 

35.5 

(32.9-37.8) 

± 

1.27 

5.0 

I 

I 

18 

14 

35.5 

(33.2-39.5) 

± 

0.94 

5.0 

I 

I 

9 

3 

35.3 

(34.0-37.2) 

± 

1.92 

4.7 

I 

I 

23 

5 

35.2 

(33.1-37.2) 

± 

1.52 

4.8 

I 

I 

10 

5 

35.2 

(31.8-38.4) 

± 

2.13 

6.8 

I 

I 

22 

3 

34.8 

(34.2-35.6) 

± 

0.83 

2.1 

I 

I 

2 

12 

34.8 

(33.3-36.3) 

± 

0.56 

2.8 

I 

I 

30 

5 

34.8 

(34.1-35.7) 

4- 

0.59 

1.9 

I 

I 

4 

7 

34.7 

(33.1-36.7) 

0.95 

3.6 

I 

I 

6 

5 

34.6 

(33.1-36.2) 

± 

1.29 

4.2 

I 

I 

29 

4 

34.5 

(32.4-36.0) 

1.77 

5.1 

I 

13 

3 

34.3 

(33.5-35.0) 

0.87 

2.2 

I 

25 

7 

33.9 

(32.7-35.7) 

0.72 

2.8 

I 

Females 

16 

7 

30.9 

(29.8-31.5) 

± 

0.51 

2.2 

I 

17 

6 

30.5 

(29.0-32.0) 

0.91 

3.6 

I 

I 

22 

5 

30.4 

(29.6-32.3) 

0.98 

3.6 

I 

I 

I 

9 

9 

30.3 

(28.2-31.8) 

0.80 

4.0 

I 

I 

I 

13 

16 

30.2 

(28.5-32.2) 

+ 

0.59 

3.9 

I 

I 

I 

30 

4 

30.2 

(29.4-31.0) 

4; 

0.71 

2.4 

I 

I 

I 

24 

9 

30.0 

(28.4-31.1) 

4; 

0.58 

2.9 

I 

I 

I 

21 

32 

30.0 

(28.0-31.8) 

4; 

0.38 

3.6 

I 

I 

I 

3 

5 

30.0 

(27.5-31.6) 

4; 

1.35 

5.0 

I 

I 

I 

1980 
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Table  2. — Continued. 


Sex  and 
locality 
number 

N 

Mean  (range)  ± 2 SE 

cv 

Results  of  SS-STP 

7 

3 

29.9 

(29.1-30.5) 

0.85 

2.5 

I I 

I 

26 

8 

29.9 

(28.4-31.2) 

± 

0.71 

3.4 

I I 

I 

18 

18 

29.9 

(27.8-31.6) 

± 

0.47 

3.3 

I I 

I 

5 

4 

29.8 

(29.7-30.1) 

± 

0.19 

0.6 

I I 

I 

28 

4 

29.7 

(28.0-32.4) 

1.91 

6.4 

I I 

I 

13 

5 

29.7 

(28.3-31.6) 

1.20 

4.5 

I I 

I 

11 

8 

29.6 

(28.4-30.5) 

-f- 

0.44 

2.1 

I I 

I 

29 

7 

29.5 

(28.7-30.4) 

0.50 

2.2 

I I 

I 

25 

10 

29.5 

(28.5-30.6) 

± 

0.50 

2.7 

I I 

I 

4 

3 

29.4 

(29.0-30.2) 

-h 

0.77 

2.3 

I I 

I 

23 

14 

29.4 

(27.6-30.5) 

0.55 

3.5 

I I 

I 

15 

10 

29.4 

(26.3-32.1) 

1.11 

6.0 

I I 

I 

12 

25 

29.4 

(26.9-31.6) 

0.40 

3.4 

I I 

I 

2 

12 

29.1 

(28.0-30.9) 

0.55 

3.2 

I I 

I 

10 

8 

28.9 

(27.2-30.5) 

0.73 

3.6 

I I 

I 

14 

4 

28.5 

(27.8-29.0) 

± 

0.54 

1.9 

I 

I 

6 

5 

28.5 

(25.9-30.8) 

1.55 

6.1 

I 

Palatofrontal  depth 

Males 

16 

10 

19.3 

(18.8-20.3) 

± 

0.35 

2.9 

ns 

31 

3 

19.0 

(18.0-19.6) 

± 

1.03 

4.7 

4 

7 

18.9 

(17.6-20.4) 

± 

0.67 

4.7 

30 

5 

18.9 

(18.4-19.1) 

± 

0.24 

1.4 

17 

6 

18.8 

(18.2-19.7) 

± 

0.43 

2.8 

10 

5 

18.8 

(17.8-19.8) 

H- 

0.71 

4.2 

26 

5 

18.8 

(18.0-19.3) 

0.51 

3.1 

2 

14 

18.7 

(17.9-19.6) 

± 

0.29 

2.9 

15 

6 

18.7 

(17.5-19.6) 

0.70 

4.6 

18 

15 

18.7 

(17.7-20.0) 

0.42 

4.3 

21 

19 

18.5 

(16.7-20.8) 

-+- 

0.40 

4.7 

23 

5 

18.3 

(17.7-19.1) 

± 

0.46 

2.8 

27 

8 

18.3 

(17.2-19.3) 

± 

0.53 

4.1 

9 

3 

18.3 

(17.6-19.5) 

± 

1.18 

5.6 

12 

6 

18.3 

(17.4-19.8) 

± 

0.70 

4.7 

22 

3 

18.3 

(17.9-18.7) 

± 

0.46 

2.2 

6 

5 

18.2 

(17.7-19.0) 

± 

0.47 

2.9 

29 

4 

18.1 

(17.5-18.7) 

0.52 

2.9 

11 

3 

18.1 

(17.3-18.7) 

± 

0.83 

4.0 

25 

7 

18.1 

(17.3-18.9) 

0.43 

3.2 

13 

3 

18.0 

(17.3-18.7) 

0.83 

4.0 

Females 

30 

4 

17.1 

(16.4-17.7) 

± 

0.61 

3.5 

I 

7 

3 

17.0 

(16.4-17.7) 

± 

0.75 

3.8 

I 

4 

3 

16.9 

(16.6-17.5) 

± 

0.57 

2.9 

I I 

22 

5 

16.8 

(16.4-17.9) 

0.57 

3.8 

I I 

I 

28 

4 

16.8 

(16.0-18.3) 

1.06 

6.3 

I I 

1 

N 

6 

7 

19 

17 

10 

8 

4 

15 

9 

10 

5 

7 

12 

8 

9 

32 

5 

9 

5 

25 

4 

5 

3 

3 

4 

3 

5 

6 

3 

8 

5 

9 

3 

5 

7 

3 

5 

18 

12 

7 

5 

7 
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Table  2 .—Continued. 


Mean  (range)  ± 2 SE  CV  Results  of  SS-STP 


16.8 

(16.1-17.2) 

4; 

0.31 

2.3 

I 

I 

I 

16.7 

(15.8-17.2) 

4h 

0.36 

2.9 

I 

I 

I 

16.7 

(15.8-17.6) 

+ 

0.21 

2.8 

I 

I 

I 

16.6 

(15.7-17.7) 

0.25 

3.1 

I 

1 

I 

16.6 

(16.0-17.5) 

± 

0.32 

3.0 

I 

I 

I 

16.6 

(15.9-16.9) 

0.23 

1.9 

I 

I 

I 

16.6 

(16.0-16.9) 

0.43 

2.6 

I 

I 

I 

16.5 

(15.7-17.3) 

0.22 

2.6 

I 

I 

I 

16.5 

(15.8-16.9) 

± 

0.23 

2.1 

I 

I 

I 

16.4 

(15.0-17.5) 

± 

0.47 

4.6 

I 

I 

I 

16.4 

(15.6-17.2) 

0.52 

3.5 

I 

I 

I 

16.4 

(15.8-17.3) 

0.36 

2.9 

I 

I 

I 

16.4 

(15.7-17.1) 

± 

0.27 

2.9 

I 

I 

I 

16.3 

(15.9-17.1) 

0.31 

2.7 

I 

I 

I 

16.3 

(15.6-16.7) 

+ 

0.21 

1.9 

I 

I 

I 

16.3 

(15.0-17.7) 

± 

0.23 

3.9 

I 

I 

I 

16.2 

(15.1-16.8) 

Hh 

0.59 

4.1 

I 

I 

I 

16.2 

(15.6-17.1) 

± 

0.39 

3.6 

I 

I 

I 

16.2 

(15.6-16.6) 

± 

0.34 

2.3 

I 

I 

I 

16.1 

(14.8-17.3) 

± 

0.20 

3.0 

I 

I 

15.9 

(15.6-16.1) 

± 

0.25 

1.5 

I 

Length  of  nasals 

22.1 

(20.7-23.2) 

1.07 

5.4 

I 

22.0 

(21.0-22.7) 

4; 

1.05 

4.1 

I 

I 

22.0 

(20.8-23.0) 

4; 

1.30 

5.1 

I 

I 

21.9 

(21.2-23.2) 

+ 

0.90 

4.1 

I 

I 

I 

21.7 

(20.6-22.5) 

± 

1.14 

4.5 

I 

I 

I 

21.4 

(20.7-22.1) 

± 

0.45 

2.3 

I 

I 

I 

21.4 

(20.0-23.3) 

± 

1.10 

6.3 

I 

I 

I 

21.4 

(20.2-22.7) 

± 

1.45 

5.9 

I 

I 

I 

21.3 

(20.2-22.8) 

± 

0.62 

4.1 

I 

I 

I 

21.0 

(18.1-22.9) 

1.71 

9.1 

I 

I 

I 

21.0 

(19.9-22.6) 

4; 

0.59 

4.2 

I 

I 

I 

21.0 

(20.0-22.3) 

4; 

1.35 

5.5 

I 

I 

I 

20.7 

(19.7-21.4) 

+ 

0.59 

3.2 

I 

I 

I 

20.6 

(19.7-21.8) 

+ 

0.65 

4.2 

I 

I 

I 

20.5 

(19.9-20.9) 

4; 

0.64 

2.7 

I 

I 

I 

20.5 

(19.5-21.9) 

+ 

0.89 

4.9 

I 

I 

I 

20.4 

(16.6-22.6) 

± 

0.72 

7.5 

I 

I 

I 

20.3 

(18.7-21.6) 

0.47 

4.0 

I 

I 

I 

20.1 

(19.0-21.5) 

0.69 

4.5 

I 

I 

19.9 

(18.6-21.2) 

± 

1.09 

6.1 

I 

I 

19.6 

(18.8-21.6) 

+ 

0.74 

5.0 

I 

1980 
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Table  2. — Continued. 


Sex  and 
locality 

number  N Mean  (range)  ± 2 SE  CV  Results  of  SS-STP 


Females 


17 

4 

17.9 

(17.0-18.6) 

± 

0.67 

3.7 

I 

9 

8 

17.8 

(16.0-20.4) 

± 

0.91 

7.3 

I 

26 

6 

17.6 

(16.4-18.9) 

± 

0.75 

5.2 

I 

30 

3 

17.6 

(17.1-18.2) 

± 

0.64 

3.1 

I 

I 

3 

4 

17.5 

(15.6-18.4) 

± 

1.26 

7.2 

I 

I 

29 

7 

17.4 

(16.5-18.6) 

0.57 

4.3 

I 

I 

16 

7 

17.4 

(16.9-17.9) 

0.26 

2.0 

I 

I 

I 

5 

4 

17.3 

(16.6-18.0) 

■±_ 

0.60 

3.4 

I 

I 

1 

27 

16 

17.3 

(16.1-19.0) 

0.46 

5.3 

I 

I 

I 

12 

21 

17.2 

(15.1-18.8) 

± 

0.37 

4.9 

I 

I 

I 

22 

5 

17.1 

(16.4-17.9) 

± 

0.47 

3.1 

I 

I 

I 

25 

9 

17.1 

(15.9-18.2) 

0.53 

4.7 

I 

I 

I 

18 

12 

17.1 

(15.5-19.8) 

0.69 

7.0 

I 

I 

I 

23 

14 

17.1 

(16.1-18.9) 

0.42 

4.6 

I 

I 

I 

24 

6 

17.0 

(16.4-17.4) 

0.29 

2.1 

I 

I 

I 

21 

31 

16.9 

(15.0-18.9) 

0.38 

6.2 

I 

I 

I 

11 

7 

16.9 

(16.4-17.5) 

0.37 

2.9 

I 

I 

I 

28 

3 

16.8 

(16.2-17.9) 

1.07 

5.5 

I 

I 

I 

13 

5 

16.8 

(15.3-18.2) 

1.12 

7.4 

I 

I 

I 

15 

8 

16.8 

(14.1-19.4) 

1.12 

9.4 

I 

I 

I 

6 

5 

16.2 

(15.2-17.3) 

0.70 

4.8 

I 

I 

I 

14 

4 

16.2 

(15.4-16.7) 

0.57 

3.5 

I 

I 

I 

10 

6 

16.1 

(15.1-17.3) 

± 

0.65 

5.0 

I 

I 

I 

2 

12 

16.0 

(14.9-17.5) 

0.47 

5.1 

I 

I 

4 

3 

15.7 

(14.9-17.1) 

1.38 

7.6 

I 

Diastema 

Males 

16 

10 

22.9 

(21.6-23.7) 

± 

0.42 

2.9 

I 

31 

3 

22.3 

(21.1-23.5) 

± 

1.39 

5.4 

I 

I 

12 

6 

22.1 

(20.9-23.9) 

± 

1.00 

5.5 

I 

I 

26 

5 

21.9 

(21.1-22.7) 

± 

0.66 

3.4 

I 

I 

I 

17 

6 

21.9 

(20.9-23.1) 

± 

0.65 

3.6 

I 

I 

I 

11 

3 

21.8 

(20.7-22.7) 

± 

1.16 

4.6 

I 

I 

I 

15 

6 

21.7 

(19.9-22.9) 

1.13 

6.4 

1 

I 

I 

21 

19 

21.7 

(19.9-25.0) 

0.60 

6.0 

I 

I 

I 

18 

15 

21.4 

(19.3-25.3) 

0.74 

6.7 

I 

I 

1 

10 

5 

21.3 

(18.7-23.1) 

± 

1.47 

7.7 

I 

I 

I 

23 

5 

21.3 

(19.9-22.8) 

+ 

1.26 

6.6 

I 

I 

I 

27 

8 

21.2 

(19.8-23.5) 

± 

1.02 

6.8 

I 

I 

I 

30 

5 

21.1 

(20.6-21.9) 

0.48 

2.6 

I 

I 

I 

9 

3 

21.1 

(19.2-23.1) 

± 

2.25 

9.3 

I 

I 

I 

22 

3 

20.9 

(20.5-21.5) 

0.61 

2.5 

I 

I 

I 

6 

5 

20.7 

(19.7-22.0) 

0.87 

4.7 

I 

I 

I 

13 

3 

20.6 

(19.6-21.4) 

1.07 

4.5 

I 

I 

I 
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Table  2. — Continued. 


Sex  and 
locality 
number 

N 

Mean  (range)  ± 2 SE 

cv 

Results  of  SS-STP 

25 

7 

20.6 

(20.1-21.5) 

0.37 

2.4 

I 

I 

I 

29 

4 

20.5 

(18.7-22.4) 

1.62 

7.9 

I 

I 

4 

7 

20.4 

(18.9-21.9) 

0.81 

5.3 

I 

I 

2 

15 

20.1 

(18.5-21.7) 

0.47 

4.6 

I 

Females 

16 

7 

18.0 

(17.3-18.5) 

0.38 

2.8 

I 

22 

5 

17.6 

(16.0-18.9) 

0.76 

4.8 

I 

30 

4 

17.4 

(16.8-18.0) 

± 

0.52 

3.0 

I 

17 

6 

17.3 

(16.2-18.1) 

0.54 

3.8 

I 

I 

24 

9 

17.3 

(15.5-18.7) 

± 

0.61 

5.3 

I 

I 

9 

9 

17.2 

(15.8-18.8) 

Hh 

0.74 

6.4 

I 

I 

26 

8 

17.2 

(16.0-18.4) 

0.61 

5.0 

I 

I 

28 

4 

17.2 

(16.0-19.2) 

+ 

1.39 

8.1 

I 

I 

27 

17 

17.1 

(15.0-18.6) 

± 

0.47 

5.7 

I 

I 

21 

32 

17.1 

(15.6-19.0) 

± 

0.32 

5.4 

I 

I 

I 

18 

19 

17.1 

(15.7-18.0) 

0.32 

4.1 

I 

I 

I 

3 

5 

17.1 

(15.5-18.3) 

0.97 

6.3 

I 

I 

I 

5 

4 

17.0 

(16.3-17.6) 

± 

0.54 

3.1 

I 

I 

I 

12 

25 

17.0 

(14.5-18.9) 

± 

0.37 

5.5 

I 

I 

I 

23 

15 

16.9 

(15.3-17.7) 

± 

0.37 

4.3 

I 

I 

I 

29 

7 

16.9 

(16.1-17.6) 

± 

0.42 

3.3 

I 

I 

I 

11 

9 

16.9 

(15.9-18.0) 

± 

0.47 

4.1 

I 

I 

I 

4 

3 

16.8 

(16.1-17.2) 

± 

0.68 

3.5 

I 

I 

I 

25 

10 

16.7 

(15.5-17.8) 

± 

0.39 

3.7 

I 

I 

I 

7 

3 

16.7 

(15.3-17.4) 

1.37 

7.1 

I 

I 

I 

15 

10 

16.6 

(14.9-18.2) 

0.73 

6.9 

I 

I 

I 

10 

8 

16.5 

(15.7-17.2) 

0.40 

3.4 

I 

I 

I 

13 

5 

16.3 

(15.5-17.8) 

0.88 

6.0 

I 

I 

I 

14 

4 

16.0 

(15.3-16.4) 

0.48 

3.0 

I 

I 

I 

2 

12 

15.9 

(14.8-17.0) 

0.38 

4.1 

I 

I 

6 

5 

15.7 

(14.2-16.7) 

0.85 

6.0 

I 

Zygomatic  breadth 


Males 

16 

9 

34.0 

(32.0-35.4) 

± 

0.61 

2.7 

17 

6 

33.7 

(31.2-34.7) 

1.07 

3.9 

15 

5 

33.0 

(30.7-35.3) 

1.70 

5.7 

11 

3 

32.8 

(32.2-33.2) 

± 

0.61 

1.6 

4 

6 

32.7 

(30.3-34.5) 

1.35 

5.0 

30 

5 

32.7 

(31.6-33.1) 

0.56 

1.9 

26 

5 

32.6 

(31.0-33.6) 

± 

0.91 

3.1 

21 

19 

32.5 

(29.9-36.2) 

0.73 

4.9 

10 

5 

32.5 

(30.6-33.6) 

± 

1.01 

3.5 

2 

11 

32.3 

(29.4-33.8) 

Hh 

0.82 

4.2 

12 

6 

32.3 

(30.2-35.6) 

Hh 

1.60 

6.1 

27 

8 

32.3 

(29.7-34.3) 

1.11 

4.9 

18 

15 

32.2 

(29.0-35.1) 

0.82 

4.9 

ns 


1980 
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Table  2. — Continued. 


Sex  and 
locality 
number 

N 

Mean  (range)  ± 2 SE 

cv 

Results  of  SS-STP 

31 

3 

32.2 

(30.8-33.9) 

1.83 

4.9 

29 

4 

32.1 

(31.4-33.6) 

1.04 

3.2 

6 

5 

32.0 

(30.5-33.7) 

1.02 

3.5 

23 

5 

32.0 

(30.8-33.7) 

1.12 

3.9 

9 

3 

31.6 

(30.7-32.9) 

1.31 

3.6 

25 

7 

31.3 

(29.5-33.3) 

0.90 

3.8 

22 

3 

31.2 

(31.1-31.5) 

± 

0.27 

0.7 

13 

3 

31.1 

(30.6-31.5) 

0.53 

1.5 

Females 

7 

3 

28.5 

(27.9-29.1) 

0.70 

2.1 

I 

16 

7 

28.3 

(27.1-29.2) 

0.55 

2.6 

I 

I 

30 

3 

28.1 

(27.1-28.7) 

0.98 

3.0 

I 

I 

17 

6 

28.0 

(26.6-29.1) 

± 

0.67 

2.9 

I 

I 

I 

9 

9 

27.9 

(25.3-29.6) 

-F 

0.98 

5.3 

I 

I 

I 

22 

5 

27.7 

(26.8-28.8) 

± 

0.74 

3.0 

I 

I 

I 

27 

15 

27.5 

(26.0-29.5) 

0.54 

3.8 

I 

I 

I 

23 

14 

27.3 

(25.7-28.1) 

0.37 

2.6 

I 

I 

I 

29 

7 

27.3 

(26.2-28.2) 

0.54 

2.6 

I 

I 

I 

26 

7 

27.2 

(26.3-28.0) 

0.51 

2.5 

I 

I 

I 

5 

4 

27.1 

(26.6-27.6) 

0.50 

1.8 

I 

I 

I 

24 

9 

27.1 

(24.9-28.6) 

0.91 

5.0 

I 

I 

I 

18 

19 

27.0 

(25.0-29.8) 

0.51 

4.1 

I 

I 

I 

10 

7 

27.0 

(25.1-30.2) 

± 

1.24 

6.1 

I 

I 

I 

28 

3 

26.9 

(25.8-28.3) 

± 

1.46 

4.7 

I 

I 

I 

11 

9 

26.9 

(25.7-28.1) 

± 

0.63 

3.5 

I 

I 

I 

4 

3 

26.9 

(26.3-27.7) 

H- 

0.85 

2.7 

I 

I 

I 

21 

32 

26.9 

(23.5-30.0) 

0.42 

4.4 

I 

I 

I 

15 

10 

26.8 

(24.2-28.3) 

0.80 

4.7 

I 

I 

I 

6 

4 

26.7 

(24.6-28.7) 

1.71 

6.4 

I 

I 

I 

3 

5 

26.6 

(24.7-27.9) 

1.05 

4.4 

I 

I 

I 

14 

4 

26.6 

(25.7-27.5) 

0.79 

3.0 

I 

I 

I 

2 

11 

26.5 

(25.5-27.5) 

0.37 

2.3 

I 

I 

I 

25 

10 

26.5 

(25.4-28.2) 

0.47 

2.8 

I 

I 

13 

5 

26.5 

(24.7-28.0) 

1.09 

4.6 

I 

I 

12 

24 

26.3 

(24.0-28.8) 

0.43 

4.0 

I 

Mastoid  breadth 

Males 

31 

3 

28.6 

(27.6-30.0) 

± 

1.46 

4.4 

ns 

26 

5 

28.5 

(27.3-29.2) 

± 

0.67 

2.6 

16 

10 

28.3 

(27.3-29.5) 

± 

0.47 

2.6 

9 

3 

27.9 

(27.3-28.9) 

± 

1.01 

3.1 

12 

6 

27.7 

(26.0-29.3) 

+ 

1.24 

5.5 

21 

19 

27.7 

(26.1-29.8) 

0.45 

3.5 

18 

15 

27.6 

(25.6-30.2) 

0.60 

4.1 

17 

6 

27.6 

(26.2-28.5) 

0.68 

3.0 

29 

4 

27.6 

(26.5-28.9) 

1.05 

3.8 

23 

5 

27.5 

(26.6-28.5) 

0.64 

2.6 
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Table  2. — Continued. 


Sex  and 
locality 

number  N Mean  (range)  ± 2 SE  CV  Results  of  SS-STP 


27 

8 

27.5 

(25.7-29.0) 

0.86 

4.4 

2 

14 

27.5 

(26.2-28.8) 

0.41 

2.8 

15 

6 

27.4 

(25.5-28.9) 

0.98 

4.4 

13 

3 

27.3 

(26.9-27.7) 

0.47 

1.5 

22 

3 

27.2 

(26.8-27.7) 

± 

0.53 

1.7 

10 

5 

27.2 

(26.5-28.7) 

± 

0.78 

3.2 

4 

6 

27.1 

(26.2-27.9) 

0.56 

2.5 

11 

3 

27.0 

(26.1-27.7) 

± 

0.96 

3.1 

25 

7 

26.9 

(26.1-28.1) 

± 

0.52 

2.5 

30 

5 

26.8 

(25.9-27.2) 

± 

0.46 

1.9 

6 

5 

26.7 

(26.2-27.6) 

± 

0.47 

1.9 

Females 

7 

3 

24.7 

(24.2-25.6) 

0.90 

3.2 

I 

22 

5 

24.6 

(23.5-25.8) 

± 

0.82 

3.7 

I 

18 

18 

24.5 

(23.8-26.0) 

± 

0.31 

2.7 

I 

26 

7 

24.5 

(23.5-25.3) 

± 

0.47 

2.5 

I 

28 

4 

24.5 

(23.2-25.9) 

± 

1.15 

4.7 

I 

30 

4 

24.5 

(24.1-25.3) 

0.54 

2.2 

I 

27 

17 

24.5 

(23.0-25.3) 

± 

0.38 

3.2 

I 

29 

7 

24.3 

(23.6-24.8) 

± 

0.39 

2.1 

I 

I 

9 

8 

24.3 

(22.8-25.7) 

± 

0.73 

4.3 

I 

I 

17 

6 

24.3 

(23.5-24.9) 

± 

0.46 

2.3 

I 

I 

16 

7 

24.3 

(23.3-25.2) 

0.53 

2.9 

I 

I 

24 

9 

24.2 

(23.1-25.3) 

0.49 

3.0 

I 

I 

21 

31 

24.2 

(22.5-26.1) 

0.36 

4.1 

I 

I 

4 

3 

24.0 

(23.5-24.7) 

0.72 

2.6 

I 

I 

10 

8 

24.0 

(22.2-25.5) 

0.69 

4.1 

I 

I 

23 

15 

23.9 

(22.4-24.8) 

± 

0.34 

2.7 

I 

I 

14 

4 

23.9 

(22.3-25.1) 

1.21 

5.1 

I 

I 

15 

10 

23.9 

(21.7-24.9) 

± 

0.57 

3.8 

I 

I 

13 

5 

23.8 

(22.7-25.5) 

0.94 

4.4 

I 

I 

25 

10 

23.8 

(22.6-25.3) 

0.46 

3.1 

I 

I 

2 

12 

23.7 

(22.7-24.9) 

± 

0.40 

2.9 

I 

I 

5 

4 

23.7 

(23.3-24.1) 

± 

0.33 

1.4 

I 

I 

11 

9 

23.6 

(22.9-24.3) 

0.32 

2.0 

I 

I 

6 

5 

23.5 

(22.6-24.9) 

± 

0.82 

3.9 

I 

I 

3 

5 

23.4 

(21.9-24.7) 

± 

0.89 

4.3 

I 

I 

12 

25 

23.3 

(21.3-25.0) 

± 

0.31 

3.3 

I 

Squamosal  breadth 

Males 

4 

6 

20.9 

(19.6-21.8) 

-f- 

0.64 

3.7 

I 

16 

10 

20.9 

(20.1-21.8) 

± 

0.34 

2.6 

I 

I 

2 

15 

20.7 

(19.6-21.9) 

± 

0.37 

3.5 

I 

I 

9 

3 

20.6 

(19.4-21.9) 

1.45 

6.1 

I 

I 

12 

6 

20.5 

(19.1-22.8) 

± 

1.03 

6.2 

I 

I 

26 

5 

20.4 

(19.4-22.2) 

± 

0.99 

5.4 

I 

I 
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Table  2. — Continued. 


Sex  and 
locality 

number  N Mean  (range)  ± 2 SE  CV  Results  of  SS-STP 


18 

14 

20.3 

(19.1-21.9) 

± 

0.50 

4.6 

I 

I 

I 

6 

5 

20.3 

(19.7-20.7) 

± 

0.35 

1.9 

I 

I 

I 

22 

3 

20.2 

(20.0-20.6) 

± 

0.37 

1.6 

I 

I 

I 

23 

5 

20.2 

(19.2-21.4) 

± 

0.71 

3.9 

I 

I 

I 

17 

6 

20.1 

(19.2-21.1) 

.± 

0.59 

3.6 

I 

I 

I 

10 

5 

20.1 

(19.5-21.7) 

± 

0.85 

4.7 

I 

I 

I 

21 

19 

20.1 

(19.0-21.5) 

± 

0.33 

3.6 

I 

I 

I 

13 

3 

20.1 

(19.8-20.2) 

± 

0.27 

1.1 

I 

I 

I 

15 

6 

20.0 

(19.3-21.0) 

± 

0.53 

3.2 

I 

I 

I 

11 

3 

20.0 

(19.0-20.7) 

1.03 

4.4 

I 

I 

I 

31 

3 

20.0 

(19.1-21.1) 

± 

1.19 

5.1 

I 

I 

I 

29 

4 

19.7 

(19.4-20.2) 

0.36 

1.8 

I 

I 

I 

25 

7 

19.6 

(18.7-20.4) 

± 

0.45 

3.1 

I 

I 

I 

27 

8 

19.4 

(18.3-20.4) 

± 

0.52 

3.8 

I 

I 

30 

5 

18.8 

(18.4-19.5) 

± 

0.39 

2.3 

I 

Females 

7 

3 

20.4 

(19.9-21.1) 

± 

0.72 

3.1 

I 

22 

5 

19.5 

(19.1-20.3) 

± 

0.44 

2.5 

I 

I 

16 

7 

19.4 

(18.9-20.2) 

± 

0.36 

2.5 

I 

I 

4 

3 

19.3 

(18.9-19.6) 

0.44 

1.9 

I 

I 

2 

12 

19.2 

(18.4-20.0) 

± 

0.26 

2.4 

I 

I 

18 

19 

19.1 

(18.2-20.3) 

0.27 

3.1 

I 

I 

10 

8 

19.0 

(18.1-20.1) 

0.45 

3.4 

I 

I 

15 

10 

19.0 

(17.9-20.2) 

+ 

0.47 

3.9 

I 

I 

21 

30 

18.9 

(17.8-20.3) 

0.12 

3.4 

I 

I 

24 

9 

18.9 

(18.1-19.6) 

+ 

0.35 

2.8 

I 

I 

27 

17 

18.8 

(18.2-20.3) 

± 

0.28 

3.1 

I 

I 

29 

7 

18.8 

(18.4-19.3) 

0.21 

1.5 

I 

I 

9 

9 

18.8 

(17.8-19.8) 

0.44 

3.5 

I 

I 

28 

4 

18.8 

(18.1-19.1) 

± 

0.24 

1.3 

I 

I 

17 

6 

18.7 

(18.1-19.2) 

0.35 

2.3 

I 

I 

6 

5 

18.7 

(18.1-19.3) 

± 

0.38 

2.3 

I 

I 

26 

7 

18.7 

(17.9-19.5) 

+ 

0.38 

2.7 

I 

I 

23 

15 

18.7 

(17.7-19.8) 

4; 

0.33 

3.4 

I 

I 

11 

9 

18.6 

(18.0-19.5) 

+ 

0.34 

2.8 

I 

I 

13 

5 

18.5 

(17.2-20.1) 

4; 

0.93 

5.6 

I 

I 

3 

5 

18.5 

(17.8-19.2) 

± 

0.50 

3.0 

I 

I 

12 

25 

18.4 

(17.2-19.2) 

± 

0.19 

2.6 

I 

I 

25 

10 

18.3 

(18.0-19.1) 

0.22 

1.9 

I 

I 

5 

4 

18.3 

(17.7-19.8) 

± 

0.99 

5.4 

I 

I 

14 

4 

18.3 

(17.4-19.1) 

± 

0.83 

4.2 

I 

I 

30 

4 

18.1 

(17.8-18.7) 

± 

0.44 

2.4 

I 

Rostral  breadth 

Males 

30 

5 

11.9 

(11.5-12.3) 

0.37 

3.4 

I 

16 

10 

11.7 

(11.5-12.0) 

± 

0.11 

1.5 

I 

I 
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Table  2. — Continued. 


Sex  and 
locality 

number  N Mean  (range)  ± 2 SE  CV  Results  of  SS-STP 


15 

6 

11.6 

(11.2-12.0) 

0.21 

2.2 

I I 

I 

17 

6 

11.6 

(10.7-12.7) 

± 

0.61 

6.4 

I I 

I 

I 

23 

5 

11.5 

(11.1-11.9) 

± 

0.32 

3.1 

I I 

I 

I 

26 

5 

11.5 

(11.1-11.9) 

0.29 

2.8 

I I 

I 

I 

18 

15 

11.5 

(10.2-12.3) 

0.33 

5.5 

I I 

I 

I 

29 

4 

11.5 

(10.6-12.1) 

-j- 

0.62 

5.5 

I I 

I 

I 

12 

6 

11.3 

(10.3-12.2) 

± 

0.53 

5.7 

I I 

I 

I 

21 

19 

11.2 

(10.2-12.7) 

0.28 

5.4 

I I 

I 

I 

9 

3 

11.2 

(10.8-11.7) 

± 

0.52 

4.0 

I I 

I 

I 

2 

15 

11.1 

(10.4-11.9) 

± 

0.22 

3.9 

I I 

I 

I 

25 

7 

11.0 

(10.1-11.6) 

± 

0.45 

5.4 

I I 

I 

I 

13 

3 

10.9 

(10.6-11.2) 

0.35 

2.8 

I I 

I 

I 

22 

3 

10.9 

(10.8-11.0) 

± 

0.13 

1.1 

I I 

I 

I 

4 

7 

10.9 

(10.5-11.3) 

0.22 

2.7 

I 

I 

I 

6 

5 

10.9 

(10.3-11.9) 

± 

0.55 

5.7 

I 

I 

I 

31 

3 

10.9 

(10.2-11.5) 

± 

0.76 

6.0 

I 

I 

I 

27 

8 

10.9 

(10.5-11.5) 

± 

0.22 

2.8 

I 

I 

10 

5 

10.8 

(10.5-11.4) 

0.32 

3.3 

I 

I 

11 

3 

10.7 

(9.8-11.4) 

0.96 

7.7 

I 

Females 

30 

4 

10.5 

(10.2-10.6) 

+ 

0.17 

1.7 

I 

7 

3 

10.3 

(10.2-10.4) 

0.11 

1.0 

I I 

16 

7 

10.3 

(9.8-10.9) 

0.26 

3.4 

I I 

I 

17 

6 

10.2 

(9.6-11.0) 

± 

0.37 

4.5 

I I 

I 

5 

4 

10.0 

(9.7-10.2) 

0.22 

2.2 

I I 

I 

I 

27 

17 

10.0 

(9.2-10.7) 

0.20 

4.2 

I I 

I 

I 

22 

5 

10.0 

(9.7-10.2) 

0.17 

1.9 

I I 

I 

I 

18 

19 

10.0 

(9.3-10.8) 

0.20 

4.3 

I I 

I 

I 

28 

4 

9.9 

(9.3-10.4) 

0.48 

4.8 

I I 

I 

I 

26 

7 

9.9 

(9.3-10.3) 

0.25 

3.3 

I I 

I 

I 

23 

15 

9.9 

(9.3-10.2) 

0.15 

2.8 

I I 

I 

I 

24 

9 

9.9 

(9.0-10.5) 

0.33 

4.9 

I I 

I 

I 

9 

9 

9.8 

(9.4-10.5) 

± 

0.24 

3.6 

I I 

I 

I 

21 

32 

9.8 

(8.7-11.5) 

0.18 

5.3 

I I 

I 

I 

4 

3 

9.8 

(9.6-10.0) 

0.23 

2.0 

I I 

I 

I 

29 

7 

9.8 

(9.3-10.3) 

0.29 

3.9 

I I 

I 

I 

3 

5 

9.8 

(9.2-10.3) 

0.35 

4.1 

I I 

I 

I 

25 

10 

9.7 

(9.0-10.5) 

± 

0.27 

4.4 

I I 

I 

I 

15 

10 

9.7 

(8.8-10.6) 

0.31 

5.1 

I I 

I 

I 

13 

5 

9.7 

(9.5-10.1) 

0.20 

2.3 

I I 

I 

I 

10 

8 

9.6 

(9.0-10.0) 

0.26 

3.8 

I I 

I 

I 

2 

12 

9.6 

(9. 1-9.9) 

+ 

0.17 

3.0 

I I 

I 

I 

6 

5 

9.6 

(8. 9-9. 9) 

0.37 

4.3 

I 

I 

I 

11 

9 

9.5 

(9.1-10.0) 

0.18 

2.8 

I 

I 

12 

25 

9.5 

(9.0-10.5) 

0.16 

4.1 

I 

14 

4 

9.3 

(9. 2-9. 5) 

0.17 

1.9 
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Table  2.~Continued. 


Sex  and 
locality 

number  N Mean  (range)  ± 2 SE  CV  Results  of  SS-STP 


Interorbital  constriction 

Males 


11 

3 

8.2 

(8.0-8.6) 

0.40 

4.2 

I 

12 

6 

8.1 

(7. 7-8. 8) 

0.36 

5.5 

I 

I 

26 

5 

8.0 

(7. 1-8.7) 

0.64 

8.9 

I 

I 

I 

30 

5 

7.9 

(7. 3-8.4) 

± 

0.45 

6.4 

I 

I 

I 

I 

29 

4 

7.8 

(7. 3-8. 5) 

± 

0.50 

6.4 

I 

I 

I 

I 

I 

22 

3 

7.6 

(7. 5-7.6) 

± 

0.07 

0.8 

I 

I 

I 

I 

I 

23 

5 

7.6 

(6.7-8. 1) 

0.47 

6.9 

I 

I 

I 

I 

I 

6 

5 

7.5 

(7.0-8. 1) 

0.40 

6.1 

I 

I 

I 

I 

I 

10 

5 

7.5 

(7. 1-8.1) 

0.35 

5.3 

1 

I 

I 

I 

I 

9 

3 

7.5 

(7.0-8. 0) 

0.58 

6.7 

I 

I 

I 

I 

I 

31 

3 

7.5 

(6.8-8. 1) 

0.75 

8.7 

I 

I 

I 

I 

I 

21 

19 

7.4 

(6.4-8. 1) 

0.21 

6.0 

I 

I 

I 

I 

I 

25 

7 

7.4 

(6.8-8. 1) 

-F 

0.29 

5.3 

I 

I 

I 

I 

I 

18 

15 

7.4 

(6. 8-8. 2) 

0.25 

6.7 

I 

I 

I 

I 

15 

6 

7.3 

(6. 8-7. 7) 

0.26 

4.4 

I 

I 

I 

I 

4 

7 

7.3 

(6. 8-8.0) 

0.35 

6.4 

I 

I 

I 

I 

13 

3 

7.1 

(6. 7-7. 4) 

0.44 

5.3 

I 

I 

I 

I 

16 

10 

7.1 

(6. 5-7. 8) 

0.25 

5.5 

I 

I 

I 

27 

8 

7.1 

(6. 9-7. 5) 

0.14 

2.7 

I 

I 

I 

17 

6 

7.1 

(6. 3-7. 9) 

0.49 

8.5 

I 

I 

2 

15 

6.9 

(6. 2-7. 4) 

0.15 

4.3 

I 

Females 

30 

4 

7.9 

(7. 3-8.3) 

± 

0.43 

5.5 

I 

11 

9 

7.7 

(7. 3-8. 2) 

± 

0.19 

3.8 

I 

I 

3 

5 

7.7 

(7. 4-8.0) 

0.21 

3.1 

I 

I 

I 

12 

25 

7.6 

(6. 7-8. 2) 

0.13 

4.5 

I 

I 

I 

I 

23 

15 

7.4 

(6. 8-8.0) 

± 

0.19 

4.8 

I 

I 

I 

I 

I 

15 

10 

7.4 

(6. 8-8. 2) 

± 

0.33 

7.0 

I 

I 

I 

I 

I 

I 

13 

5 

7.3 

(7.0-7. 6) 

0.21 

3.1 

I 

I 

I 

I 

I 

I 

I 

26 

8 

7.3 

(7. 1-7.9) 

± 

0.21 

4.1 

I 

I 

I 

I 

I 

I 

I 

5 

4 

7.3 

(6. 6-7. 6) 

± 

0.47 

6.4 

I 

I 

I 

I 

I 

I 

I 

21 

32 

7.3 

(6. 8-7. 8) 

± 

0.10 

3.8 

I 

I 

I 

I 

I 

I 

I 

16 

7 

7.3 

(6.8-7. 6) 

± 

0.20 

3.6 

I 

I 

I 

I 

I 

I 

I 

22 

5 

7.2 

(6.6-7. 8) 

± 

0.41 

6.4 

I 

I 

I 

I 

I 

I 

I 

25 

10 

7.2 

(6. 3-7. 8) 

0.27 

5.9 

I 

I 

I 

I 

I 

I 

I 

17 

6 

7.2 

(1.0-1  A) 

± 

0.12 

2.0 

I 

I 

I 

I 

I 

I 

28 

4 

7.2 

(6.6-8. 1) 

± 

0.69 

9.6 

I 

I 

I 

I 

I 

I 

6 

5 

7.2 

(6. 6-7. 5) 

± 

0.32 

5.1 

I 

I 

I 

I 

I 

I 

9 

9 

7.1 

(6. 5-7.9) 

± 

0.32 

6.8 

I 

I 

I 

I 

I 

I 

27 

17 

7.1 

(6.2-7. 8) 

0.19 

5.5 

I 

I 

I 

I 

I 

29 

7 

7.1 

(6. 8-7. 5) 

+ 

0.21 

3.9 

I 

I 

I 

I 

I 

14 

4 

7.1 

(6.9-7. 3) 

± 

0.17 

2.4 

I 

I 

I 

I 

I 

24 

9 

7.1 

(6.6-7. 8) 

± 

0.25 

5.2 

I 

I 

I 

I 

I 

18 

19 

7.1 

(6.1-1. 1) 

± 

0.13 

4.1 

I 

I 

I 

I 
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Table  2.— Continued. 


Sex  and 

locality 

number 

N 

Mean  (range)  ± 2 SE 

cv 

Results  of  SS-STP 

10 

8 

6.9 

(6. 5-7.4)  ± 

0.20 

4.1 

I I 

I 

4 

3 

6.9 

(6.8-7. 1)  ± 

0.18 

2.2 

I I 

I 

2 

12 

6.7 

(6.4-7. 1)  ± 

0.15 

3.8 

I 

I 

7 

3 

6.6 

(6. 5-6. 8)  ± 

0.18 

2.3 

I 

Breadth  across  maxillaries 

Males 


30 

5 

10.4 

(10.1-10.6) 

0.19 

2.0 

I 

17 

6 

10.1 

(9.6-10.4) 

0.23 

2.7 

I 

I 

15 

6 

9.8 

(9.1-10.2) 

0.35 

4.3 

I 

I 

I 

16 

10 

9.7 

(9.4-10.1) 

± 

0.14 

2.3 

I 

I 

I 

I 

29 

4 

9.6 

(8.6-10.2) 

0.70 

7.3 

I 

I 

I 

I 

I 

18 

15 

9.5 

(8.8-10.1) 

± 

0.19 

3.8 

I 

I 

I 

I 

I 

23 

5 

9.5 

(9. 1-9.9) 

± 

0.28 

3.3 

I 

I 

I 

I 

I 

26 

5 

9.4 

(9.0 -9. 7) 

0.30 

3.6 

I 

I 

I 

I 

I 

10 

5 

9.3 

(8. 8-9. 8) 

0.35 

4.3 

I 

I 

I 

I 

I 

11 

3 

9.3 

(9. 1-9.7) 

0.40 

3.7 

I 

I 

I 

I 

I 

21 

19 

9.2 

(8. 4-9. 7) 

0.14 

3.3 

I 

I 

I 

I 

25 

7 

9.2 

(8. 8-9. 6) 

0.20 

2.9 

I 

I 

I 

I 

31 

3 

9.2 

(9. 1-9.3) 

0.13 

1.3 

I 

I 

I 

I 

4 

7 

9.2 

(8. 7-9. 5) 

0.22 

3.2 

I 

I 

I 

I 

2 

15 

9.2 

(8. 7-9.6) 

+ 

0.13 

2.9 

I 

I 

I 

9 

3 

9.2 

(8. 8-9. 4) 

0.37 

3.5 

I 

I 

I 

22 

3 

9.1 

(8. 7-9. 3) 

0.40 

3.8 

I 

I 

I 

13 

3 

9.0 

(8. 8-9. 3) 

0.29 

2.8 

I 

I 

I 

27 

8 

9.0 

(8. 6-9.4) 

± 

0.21 

3.3 

I 

I 

6 

5 

9.0 

(8. 3-9. 3) 

0.35 

4.4 

I 

I 

12 

6 

8.9 

(8. 2-9. 5) 

± 

0.37 

5.2 

I 

Females 

30 

4 

9.7 

(9.5-10.0) 

± 

0.22 

2.3 

I 

17 

6 

9.5 

(9.1-10.0) 

0.23 

3.0 

I 

I 

16 

7 

9.2 

(8. 8-9.6) 

+ 

0.18 

2.6 

I 

I 

I 

7 

3 

9.2 

(9. 1-9.4) 

0.18 

1.7 

I 

I 

I 

I 

18 

19 

9.1 

(8.7-10.0) 

0.15 

3.5 

I 

I 

I 

I 

I 

23 

15 

9.0 

(8. 7-9. 7) 

0.14 

3.1 

I 

I 

I 

I 

I 

I 

22 

5 

9.0 

(8. 5-9.7) 

± 

0.44 

5.4 

I 

I 

I 

I 

I 

I 

I 

5 

4 

8.9 

(8. 7-9. 6) 

± 

0.43 

4.9 

I 

I 

I 

I 

I 

I 

I 

15 

10 

8.9 

(7. 8-9.3) 

0.29 

5.1 

I 

I 

I 

I 

I 

I 

I 

29 

7 

8.9 

(8.7-9. 1) 

± 

0.12 

1.8 

I 

I 

I 

I 

I 

I 

I 

I 

26 

8 

8.9 

(8. 5-9. 3) 

± 

0.21 

3.4 

I 

I 

I 

I 

I 

I 

I 

6 

5 

8.8 

(8. 4-9.0) 

0.21 

2.7 

I 

I 

I 

I 

I 

I 

I 

13 

5 

8.8 

(8.6-8. 9) 

+ 

0.10 

1.3 

I 

I 

I 

I 

I 

I 

I 

21 

32 

8.7 

(8. 1-9.3) 

0.10 

3.2 

I 

I 

I 

I 

I 

I 

2 

12 

8.7 

(7. 9-9. 9) 

0.30 

5.9 

I 

I 

I 

I 

I 

I 

10 

8 

8.7 

(8. 3-9. 2) 

0.19 

3.0 

I 

I 

I 

I 

I 

27 

17 

8.7 

(8. 2-9. 2) 

±_ 

0.14 

3.3 

I 

I 

I 

I 

I 

24 

9 

8.7 

(8.0-9. 1) 

± 

0.27 

4.7 

I 

I 

I 

I 
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Table  2.— Continued. 


Sex  and 
locality 
number 

N 

Mean  (range)  ± 2 SE 

cv 

Results  of  SS-STP 

4 

3 

8.7 

(8. 4-8. 9) 

± 

0.29 

2.9 

I I 

I 

1 

28 

4 

8.6 

(8. 3-8. 8) 

0.22 

2.6 

I I 

I 

I 

25 

10 

8.6 

(8. 3-9.4) 

0.21 

3.9 

I 

I 

I 

3 

5 

8.6 

(8.4-8. 8) 

± 

0.14 

1.8 

I 

I 

I 

14 

4 

8.6 

(8. 3-9.0) 

± 

0.31 

3.6 

I 

I 

I 

11 

9 

8.5 

(8. 1-8.9) 

± 

0.15 

2.7 

I 

I 

I 

9 

9 

8.5 

(8. 2-8. 8) 

± 

0.14 

2.4 

I 

I 

12 

25 

8.4 

(8. 0-8. 9) 

± 

0.08 

2.5 

I 

tral  breadth,  interorbital  constriction,  and  breadth  across  maxillaries — 
had  four,  five,  and  six  subsets,  respectively.  Females  exhibited  slightly 
more  variation— two  measurements  had  only  two  subsets,  seven  had 
only  three  subsets,  and  four  had  only  four  subsets.  The  measurements 
showing  the  greatest  amount  of  geographic  variation  (number  of  sub- 
sets in  parentheses)  were  rostral  breadth  (five  subsets),  total  length 
(six),  interorbital  constriction  (seven),  and  breadth  across  maxillaries 
(eight).  In  each  case  the  subsets  were  broadly  overlapping. 

Sample  16  (Cumberland  Island,  Georgia)  and  sample  31  (extreme 
southern  portion  of  range  in  Florida)  averaged  among  the  three  largest- 
sized  populations  in  12  and  11  measurements,  respectively,  for  males. 
Other  samples  that  tended  to  be  large  in  size  were  sample  26  (among 
largest  in  six  measurements)  and  sample  30  (four  measurements).  Sam- 
ple 30  also  averaged  among  the  three  smallest-sized  populations  in  two 
measurements.  Sample  25  (from  just  north  of  sample  26  in  Florida) 
was  among  the  smallest  three  populations  in  11  measurements.  Two 
samples  from  western  Florida  and  southern  Alabama,  samples  1 1 and 
13,  were  among  three  smallest-sized  populations  in  six  and  five  mea- 
surements, respectively. 

For  females,  the  samples  averaging  among  the  largest  three  in  size 
were  30  (from  Eau  Gallie,  Florida— 12  measurements),  16  (Cumberland 
Island,  Georgia — 11  measurements),  7 (Savannah,  Georgia — six  mea- 
surements), 17  (Camden  Co.,  Georgia — six  measurements),  and  22 
(Clay  and  Putnam  counties,  Florida — four  measurements).  Sample  30 
also  averaged  smallest  in  one  measurement  (squamosal  breadth)  but 
in  this  measurement  there  were  only  two  broadly  overlapping  subsets 
with  only  the  largest-sized  sample  (7)  differing  significantly  from  30. 
The  samples  averaging  among  the  smallest  three  in  size  were  14  (north- 
central  Florida  and  south-central  Georgia — 11  measurements),  12  (cen- 
tral panhandle  of  Florida— seven  measurements),  6 (central  Georgia — 


432 


Annals  of  Carnegie  Museum 


vol.  49 


seven  measurements),  and  2 (vicinity  of  Augusta,  Georgia — five  mea- 
surements). 

Because  three  taxa  (G.  p.  pinetis,  G.  colonus , and  G.  cumberlan- 
dius) of  pocket  gophers  of  this  complex  are  known  to  occur  in  Camden 
Co.,  Georgia,  and  adjacent  Cumberland  Island,  the  specimens  from 
this  area  were  grouped  into  three  samples  representing  the  taxa  and 
submitted  to  univariate  analyses.  For  males,  10  measurements  (great- 
est length  of  skull,  condylobasal  length,  basal  length,  palatal  length, 
palatofrontal  depth,  length  of  nasals,  zygomatic  breadth,  mastoid 
breadth,  rostral  breadth,  and  interorbital  constriction)  showed  no  sig- 
nificant differences  among  the  three  samples.  In  all  measurements, 
except  length  of  nasals  and  interorbital  constriction,  the  sample  of  G. 
cumberlandius  averaged  the  largest  and  in  all  measurements  except 
rostral  breadth  and  interorbital  constriction,  the  sample  of  G.p.  pinetis 
averaged  the  smallest.  The  three  external  measurements  (total  length, 
length  of  tail,  and  length  of  hind  foot)  showed  a pattern  where  the 
sample  of  G.  cumberlandius,  which  averaged  the  largest,  formed  a 
group  distinct  from  the  other  two  samples.  Length  of  diastema  and 
squamosal  breadth  exhibited  a pattern  of  two  overlapping  subsets  con- 
sisting of  G.  cumberlandius-G . colonus  and  G.  colonus-G.  p.  pinetis. 
The  sample  of  G.  cumberlandius  averaged  the  largest.  The  remaining 
measurement,  breadth  across  the  maxillaries,  exhibited  a pattern  in 
which  the  sample  of  G.  colonus  averaged  the  largest  and  G.  cumber- 
landius the  smallest.  The  sample  of  G.p.  pinetis  was  placed  in  both 
subsets. 

The  samples  of  females  from  this  area  of  Georgia  revealed  even  less 
significant  variation  than  the  males.  Only  two  measurements  (total 
length  and  breadth  across  maxillaries)  exhibited  significant  variation. 
In  both  of  these  measurements,  there  were  two  overlapping  subsets 
with  the  sample  of  G.p.  pinetis  averaging  the  smallest  for  both  mea- 
surements and  G.  cumberlandius  being  the  largest  for  total  length  and 
G.  colonus  the  largest  for  breadth  across  maxillaries.  In  the  nonsig- 
nificant measurements,  G.  cumberlandius  averaged  largest  in  eight 
measurements,  G.  colonus  in  five,  and  G.  p.  pinetis  in  one.  G.  p.  pinetis 
averaged  the  smallest  in  size  for  nine  measurements,  G.  colonus  in 
three,  and  G.  cumberlandius  in  two. 

Examination  of  the  univariate  analyses  has  revealed  a surprisingly 
low  amount  of  overall  geographic  variation  as  compared  with  other 
species  of  Geomys  (Baker  and  Genoways,  1975;  Hendricksen,  1972; 
Williams  and  Genoways,  1977,  1978).  In  the  variation  that  is  present, 
there  appeared  to  be  no  discernible  trends  or  patterns.  Therefore,  sev- 
eral types  of  multivariate  analyses  were  performed  to  determine  if 
consideration  of  all  measurements  simultaneously  would  reveal  some 
pattern. 
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3.0  2.0  1.0  0.0  3.0  2.0  1.0  0.0 


Fig.  2, — Phenograms  of  Geomys  pinetis  (males  left,  females  right)  computed  from  dis- 
tance matrices  and  clustered  by  unweighted  pair-group  method  using  arithmetic  averages 
(UPGMA).  Samples  are  identified  in  Methods  and  Materials  and  Fig.  1.  The  cophenetic 
correlation  coefficient  for  the  phenogram  for  males  is  76.7%  and  for  the  females  78.2%. 


Multivariate  Analyses.— Twenty-nine  samples  of  males  and  females 
were  used  in  multivariate  analyses  of  geographic  variation.  Distance 
phenograms  were  generated  for  males  and  females  (Fig.  2).  The  phe- 
nograms for  males  (cophenetic  correlation  value,  0.767)  and  females 
(cophenetic  correlation  value,  0.782)  show  relatively  different  patterns. 

In  males,  two  samples  (1,  20)  are  widely  separated  from  all  others. 
These  samples  are  from  northern  Alabama  and  northern  Florida.  The 
other  major  group  of  samples  is  divided  into  five  major  subclusters. 
One  consists  of  samples  16  (Cumberland  Island,  G.  cumberlandius ), 
26  (vicinity  of  Orlando,  Florida),  and  31  (southernmost  sample  in  Flor- 
ida). Two  of  the  groups  are  composed  of  single  samples— 7 (G.  fon- 
tanelus ) and  30  (G.  p.  goffi ).  The  remaining  two  clusters,  which  con- 
tain the  majority  of  the  samples,  do  not  represent  any  geographic 
areas,  but  appear  to  be  randomly  distributed  over  the  entire  range  of 
the  species. 

In  females,  one  major  cluster  includes  samples  16  (Cumberland  Is- 
land, G.  cumberlandius ),  17  (Camden  Co.,  Georgia,  G.  colonus ),  30 
(Brevard  Co.,  Florida,  G.  p.  goffi),  and  7 (Chatham  Co.,  Georgia,  G. 
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Fig.  3. — Map  showing  selected  distance  coefficients  between  samples  of  Geomys  pinetis. 
The  upper  coefficients  are  for  males  and  the  lower  for  females.  See  Fig.  1 and  text  for 
key  to  samples. 


fontanelus).  These  are  all  samples  from  the  extreme  eastern  edge  of 
the  range  of  G.  pinetis  and  along  existing  or  very  recent  beaches.  The 
other  major  cluster  contains  five  subclusters.  The  most  widely  sepa- 
rated cluster  consists  only  of  sample  31  from  the  extreme  southern 
edge  of  the  range  of  the  species  in  Florida.  One  subcluster  contains 
samples  2,  10,  4,  6,  and  14  which  form  a geographic  group  from  east- 
central  Georgia  and  adjacent  extreme  northern  Florida.  The  samples 
comprising  the  three  remaining  subclusters  show  no  geographic  rela- 
tionships. 

Distance  coefficients  were  plotted  on  a map  (Fig.  3)  to  determine  if 
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Table  3.— Factor  matrix  from  correlation  among  13  cranial  characters  of  Geomys  pi- 
netis studied. 


Males  Females 


Com-  Com-  Com-  Com-  Com-  Com- 
ponent ponent  ponent  ponent  ponent  ponent 

Characters  I II  III  I II  III 


Greatest  length  of  skull 
Condylobasal  length 
Basal  length 
Palatal  length 
Palatofrontal  depth 
Length  of  nasals 
Diastema 

Zygomatic  breadth 
Squamosal  breadth 
Mastoid  breadth 
Rostral  breadth 
Interorbital  constriction 
Breadth  across  maxillaries 


0.943 

-0.016 

0.027 

0.925 

0.083 

0.083 

0.928 

0.248 

-0.018 

0.882 

0.352 

0.137 

0.781 

-0.295 

-0.126 

0.432 

0.448 

0.208 

0.751 

0.334 

0.026 

0.788 

0.011 

-0.286 

0.854 

-0.078 

0.282 

0.422 

-0.404 

0.681 

0.693 

-0.154 

-0.422 

-0.251 

0.858 

-0.234 

0.555 

-0.479 

-0.516 

0.943 

-0.124 

0.072 

0.973 

0.084 

0.084 

0.942 

0.209 

0.059 

0.873 

0.214 

0.280 

0.565 

-0.205 

-0.600 

0.727 

0.255 

-0.102 

0.764 

0.398 

0.255 

0.871 

-0.153 

-0.116 

0.706 

-0.391 

-0.021 

0.385 

-0.769 

0.335 

0.870 

0.005 

0.091 

-0.026 

0.871 

-0.042 

0.722 

0.004 

-0.450 

a pattern  of  variation  could  be  detected  when  only  values  between 
contiguous  samples  are  considered.  High  values  (1.89  or  over)  existed 
between  the  following  samples:  4 and  7;  7 and  10;  9 and  6;  9 and  14; 
15  and  7;  16  and  7;  20  and  24;  20  and  21;  25  and  26;  26  and  28;  28  and 
31;  29  and  31;  30  and  31.  The  only  pattern  that  this  appears  to  show 
is  that  samples  7 and  3 1 are  relatively  different  from  surrounding  sam- 
ples, but  this  is  not  consistent  for  both  sexes. 

The  first  three  principal  components  extracted  from  the  matrix  of 
correlation  among  characters  are  shown  for  males  and  females  in  Fig. 
4.  The  amount  of  phenetic  variation  explained  by  the  first  three  prin- 
cipal components  for  males  and  females,  respectively,  were  54.8%  and 
56.9%  for  component  I,  13.5%  and  14.6%  for  component  II,  and  9.3% 
and  6.7%  for  component  III.  Results  of  principal  components  analyses 
showing  the  influence  of  each  character  for  the  first  three  components 
are  given  in  Table  3.  Most  characters  have  high  positive  weightings  in 
the  first  factor  for  both  sexes.  The  only  negative  value  is  for  interorbital 
constriction.  For  males,  length  of  nasals  and  mastoid  breadth  have 
relatively  low  positive  values  and,  for  females,  palatofrontal  depth  and 
mastoid  breadth  had  lower  values.  In  component  II,  males  showed 
high  positive  values  for  interorbital  breadth  and  length  of  nasals  and 
high  negative  values  were  shown  by  mastoid  breadth  and  breadth 
across  maxillaries.  For  females,  interorbital  breadth  had  a high  positive 
value  and  mastoid  breadth  had  a high  negative  value.  Mastoid  breadth 
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Fig.  4. — Three-dimensional  projections  of  Geomys  pinetis  (upper,  males;  lower,  fe- 
males) onto  the  first  three  principal  components  based  upon  matrices  of  correlation 
among  13  cranial  measurements.  Components  I and  II  are  indicated  in  the  figure,  and 
component  III  is  represented  by  height.  See  Fig.  1 and  text  for  key  to  samples. 
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and  rostral  breadth  had  high  values  for  males  and  palatofrontal  depth 
had  a high  value  for  females  in  component  III. 

In  the  three-dimensional  projection  (Fig.  4)  for  males,  the  samples 
of  smaller-sized  individuals  are  located  to  the  left  and  the  larger-sized 
individuals  to  the  right.  At  the  left  are  two  samples — -1  from  northern 
Alabama  and  20  from  northern  Florida.  At  the  right  are  a series  of  four 
samples  ranging  from  16  (G.  cumberlcindius)  to  17  (G.  colonus ) and 
including  3 1 (southern  end  of  the  range  in  Florida)  and  26  (vicinity  of 
Orlando,  Florida).  The  remaining  samples  form  a group  at  the  middle 
of  the  plot.  There  do  not  appear  to  be  any  natural  breaks  in  this 
group  or  geographic  groupings.  At  the  left  of  this  group  is  sample  28 
which  is  from  the  vicinity  of  Tampa  Bay  and  to  the  right  is  sample  15 
which  is  the  sample  of  G.  pinetis  from  Camden  Co.,  Georgia.  Note 
the  position  of  sample  7 (G.  fontanelus)  within  this  group  of  samples. 
Also  note  that  sample  30  (G.  p.  goffi)  is  separate  from  samples  in  this 
central  group  in  the  third  component. 

The  samples  of  females  are  arranged  in  the  three-dimensional  pro- 
jection in  the  same  manner  as  the  males.  The  samples  appear  to  be 
rather  evenly  distributed  across  the  projection  with  no  major  breaks. 
At  the  far  right  of  the  projection  are  a series  of  localities  including  16, 
30,  17,  7,  23,  27,  and  18.  All  of  these  samples  are  from  coastal  areas. 
Most  are  from  along  the  Atlantic  Coast  of  Georgia  and  Florida,  but 
sample  27  is  from  the  Gulf  Coast  of  Florida.  Included  in  these  samples 
are  the  known  specimens  of  the  nominal  taxa  G.  cumberlandius  (16), 
G.  colonus  (17),  G.  fontanelus  (7),  and  G.  p.  goffi  (30)  as  well  as  two 
samples  (18  and  23)  that  lie  between  the  range  of  G.p.  goffi  and  that  of  G. 
cumberlandius  and  G.  colonus.  Note  that  sample  15  from  Camden 
Co.,  Georgia,  is  quite  far  removed  from  the  samples  of  colonus  and 
cumberlandius.  Samples  26  and  31  which  were  on  the  right  of  the  male 
projections  are  nearer  the  center  of  the  female  projection  as  are  sam- 
ples 20  and  28  which  were  far  to  the  left  for  males.  We  have  not  been 
able  to  discern  any  other  geographic  patterns  to  the  distribution  of 
samples  on  the  projection  for  females. 

Canonical  analysis  provides  a mechanism  for  graphically  represent- 
ing phenetic  relationships  among  samples  with  the  characters  weighted 
by  variance-covariance  analysis.  In  Table  4,  characters  used  in  these 
analyses  for  males  and  females  are  listed  from  the  most  useful  to  the 
least  useful  in  discriminating  groups.  For  males,  Variate  I accounts  for 
34.5%  of  the  total  dispersion,  and  Variate  II  accounts  for  19.6%.  The 
only  character  with  a high  positive  canonical  coefficient  for  Variate  I 
(value  greater  than  1.0)  is  palatal  length  and  that  with  high  negative 
value  is  breadth  across  maxillaries.  In  Variate  II,  a positive  value  of 
more  than  1.0  was  exhibited  by  greatest  length  of  skull  and  negative 
values  of  more  than  1.0  were  exhibited  by  diastema  and  interorbital 
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constriction.  For  females,  Variate  I accounts  for  27.8%  of  the  total 
dispersion,  and  Variate  II  accounts  for  17.7%.  Characters  with  high 
positive  canonical  coefficients  for  Variate  I (values  greater  than  1.0) 
were  breadth  across  maxillaries  and  greatest  length  of  skull  and  a high 
negative  value  was  exhibited  by  interorbital  constriction.  No  character 
exhibited  a positive  value  over  1.0  in  Variate  II,  but  breadth  across 
maxillaries  and  diastema  exhibited  negative  values  over  1.0. 

The  most  obvious  characteristic  of  the  plots  of  the  first  two  canonical 
variates  is  that  there  is  little  or  no  separation  of  samples.  Fig.  5,  rep- 
resenting the  plot  for  the  samples  of  females,  illustrates  the  typical 
phenetic  relationships  found  among  most  samples  of  southeastern 
pocket  gophers. 

For  males  only  three  samples  (30,  11,  12)  showed  any  form  of  iso- 
lation. Sample  30  (G.  p.  goffi  from  Brevard  Co.,  Florida)  was  the  most 
widely  separated  from  the  main  cluster.  Samples  11  and  12  (western 
Florida  and  southern  Alabama),  although  isolated,  were  plotted  closest 
to  sample  9 (southwestern  Georgia)  and  31  (extreme  southern  Florida). 
The  remaining  samples  formed  a broadly  overlapping  group  with  no 
apparent  breaks.  G.  cumberlandius  was  located  almost  exactly  in  the 
middle  of  the  plot  and  overlapped  a number  of  other  samples.  The  G. 
colonus  sample  was  located  on  the  left  of  the  main  group  and  broadly 
overlapped  samples  15  and  23  (geographically  adjacent  to  the  south), 
and  nearly  encompassed  sample  29  (Osceola  and  Polk  cos.,  Florida). 
Sample  17  also  overlapped  with  16  and  18  (south  of  St.  Marys  River 
in  Florida).  Sample  15  overlapped  with  all  geographically  adjacent 
samples  (10,  16,  17,  18,  and  23). 

The  plot  (Fig.  5)  for  females  shows  a similar  pattern  except  here  no 
group  seems  to  be  isolated  away  from  the  main  group.  Sample  30  is 
located  near  the  bottom  of  the  cluster  but  it  is  completely  encompassed 
by  sample  23,  which  lies  to  the  north  along  the  Atlantic  Coast  of  Flor- 
ida. It  also  overlaps  sample  5 from  central  Alabama.  Samples  1 1 and 
12  are  located  to  the  left  of  the  cluster  and  broadly  overlap  each  other 
as  well  as  a number  of  other  samples.  Sample  7 (G.  fontanelus),  which 
consists  of  only  two  specimens,  is  located  at  the  far  right  of  the  cluster 
but  overlaps  with  samples  2 and  22.  Samples  15,  16,  and  17  from 
Camden  Co.,  Georgia,  and  Cumberland  Island,  broadly  overlap  each 
other  and  the  surrounding  samples,  particularly  with  18  and  23,  and  to 
a lesser  extent  with  10. 

The  classification  matrices  for  both  males  and  females  (Tables  5 and 
6,  respectively)  confirms  what  was  seen  in  the  plots  of  the  first  two 
canonical  variates.  Only  28.7%  of  the  males  and  25.0%  of  the  females 
were  correctly  classified  into  their  proper  group.  This  number  would 
be  considerably  higher  if  classification  into  geographically  adjacent  sam- 
ples is  considered  as  correct  classification,  but  even  then  the  values 
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Fig.  5. — Plot  of  first  two  canonical  variates,  showing  phenetic  relationships  among  sam- 
ples of  female  Geomys  pinetis.  See  Fig.  1 and  text  for  key  to  samples.  Not  all  samples 
have  been  identified  because  of  the  lack  of  space. 


will  not  be  over  50%.  Individuals  in  sample  21,  which  is  our  largest 
sample,  are  classified  in  11  of  the  20  samples  of  males  and  17  of  the 
26  samples  of  females.  Of  the  18  specimens  of  males,  15  are  classified 
into  nongeographically  continuous  samples  and  of  the  30  specimens  of 
females,  23  are  classified  into  nongeographically  continuous  samples. 
On  the  other  hand,  the  classification  of  individuals  in  sample  12  is 
much  better,  with  only  one  of  five  males  and  three  of  20  females  clas- 
sified into  noncontiguous  samples. 

The  only  two  specimens  of  G.  fontanelus  (females)  used  in  this 
analysis  were  properly  classified.  Sample  16 — G.  cumberlandius - — 
showed  57.1%  correct  classification  for  both  sexes.  For  males  the  mis- 
classified  individuals  fell  into  samples  15  (G.  pinetis  from  Camden  Co., 


Table  5. — Matrix  of  classification  of  male  Geomys  pinetis,  based  upon  the  discriminant  functions  of  13  cranial  characters.  Values 
indicate  the  number  of  individuals  classified  into  each  group.  See  text  for  discussion. 
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Table  6. — Matrix  of  classification  of  female  Geomys  pinetis,  based  upon  the  discriminant  functions  of  cranial  characters.  Values 
indicate  the  number  of  individuals  classified  into  each  group.  See  text  for  discussion. 
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Georgia),  18,  and  21  (both  from  northern  Florida)  and  the  three  mis- 
classified  females  were  all  grouped  with  sample  22  from  northern  Flor- 
ida. Of  the  four  female  specimens  of  G.  colonus  (sample  17),  two  were 
correctly  placed,  whereas  one  each  were  classified  in  the  geographi- 
cally adjacent  samples  15  (G.  pinetis ) and  16  (G.  cumberlandius).  The 
seven  males  of  G.  colonus  were  classified  into  four  samples  as  follows: 
3,  sample  17;  2,  sample  15  (G.  pinetis  from  Camden  Co.,  Georgia);  1, 
sample  10  (east-central  Georgia);  1,  sample  29  (southern  Florida).  Only 
one  of  the  13  specimens  (both  sexes)  of  G.  pinetis  (sample  15)  was 
correctly  identified — two  specimens  were  classified  with  G.  cumber- 
landius (16),  two  with  G.  colonus  (17),  and  other  specimens  were 
classified  with  adjacent  samples  and  samples  from  northern  Florida. 
Seven  specimens  of  G.  p.  goffi  were  analyzed  and  all  but  one  were 
properly  classified  (one  was  placed  with  sample  5). 

Taxonomic  Conclusions 

Prior  to  this  study,  four  species  were  recognized  within  this  com- 
plex. Three  of  these  species — colonus,  cumberlandius,  and  fontane- 
lus— were  monotypic,  occurring  in  very  restricted  geographic  areas. 
The  fourth  species — pinetis — occurred  in  a relatively  wide  area  in  the 
southeastern  U.S.  and  has  five  currently  recognized  subspecies  (Pem- 
bleton  and  Williams,  1978). 

Our  analyses  of  geographic  variation  within  this  complex  indicate 
relatively  little  variation  among  these  populations.  Furthermore,  the 
variation  that  does  exist  does  not  seem  to  correspond  to  any  current 
taxonomic  scheme.  Therefore,  we  conclude  that,  based  upon  morpho- 
metric characteristics,  this  entire  complex  represents  a single  species. 

We  recognize  two  subspecies.  The  one  to  which  the  name  Geomys 
pinetis  pinetis  will  apply,  occupies  most  of  the  geographic  range  of  the 
species.  Geomys  pinetis  fontanelus  occurs  only  in  the  region  of  Sa- 
vannah, Georgia,  and  is  recognized  primarily  on  nonmetrical  charac- 
teristics. 


Systematic  Accounts 

Geomys  pinetis  fontanelus  Sherman 

1940.  Geomys  fontanelus  Sherman,  J.  Mamm.,  21:341,  August  13,  type  from  7 mi  NW 
Savannah,  Chatham  Co.,  Georgia. 

Diagnosis. — Characterized  by  the  presence  of  a fontanel  between 
the  parietal  and  temporal  bones;  size  relatively  large;  coloration  dark. 
Comparisons. — The  primary  way  to  distinguish  G.  p.  fontanelus  is 
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the  presence  of  the  fontanels  between  the  parietal  and  temporal  bones 
which  are  absent  in  G.  p.  pinetis. 

Remarks. — This  subspecies  occupies  a very  restricted  geographic 
area  in  eastern  Georgia.  Recent  searching  for  additional  specimens, 
including  our  own  work  in  1972,  have  been  unsuccessful.  The  last 
known  records  that  we  have  examined  are  specimens  at  the  American 
Museum  of  Natural  History  that  were  collected  in  1950.  Because  of 
its  restricted  distribution  and  location  in  the  vicinity  of  the  expanding 
city  of  Savannah,  it  is  possible  that  this  taxon  may  be  extinct. 

The  only  characteristic  that  we  were  able  to  find  to  distinguish  this 
taxon  from  other  populations  of  G.  pinetis  is  the  presence  of  distinct 
fontanels  between  the  parietal  and  temporal  bones.  We  have  chosen 
to  recognize  the  taxon  for  the  present  time  because  of  the  very  unique 
nature  of  this  characteristic.  It  is  not  shown  by  any  other  member  of 
the  family  Geomyidae.  However,  there  seems  to  be  no  good  reason  to 
maintain  the  current  specific  status  of  the  taxon.  Morphometric,  pel- 
age,  and  bacular  (Sherman,  1940)  characteristics  of  fontanelus  all  ap- 
pear to  fall  within  the  range  of  variation  of  G.  pinetis.  We  have,  there- 
fore, maintained  G.  p.  fontanelus  as  a weakly  defined  subspecies. 

Specimens  Examined  (12).- — Georgia:  Chatham  Co.:  Port  Wentworth,  1 (FSM);  8 mi 
NW  Savannah,  5 (FSM);  7 mi  N Savannah,  2 (USNM);  Savannah,  4 (AMNH). 

Geomys  pinetis  pinetis  Rafinesque 

1806.  Mus  tuza  Barton,  Mag.  fur  den  neuesten  Zustand  der  Naturkunde  (ed.  J.  H. 
Voigt),  12  (6):  488,  November  et  auct.  (According  to  Harper,  Proc.  Biol.  Soc. 
Washington,  65:36,  January  29,  1952,  tuza  is  of  uncertain  application  and  is 
regarded  as  not  available.) 

1817.  Geomys  pinetis  Rafinesque,  Amer.  Monthly  Mag.,  2(1):45,  November.  Type 
locality,  in  the  region  of  pines  (more  restrictedly,  Screven  County  according  to 
Harper,  Proc.  Biol.  Soc.  Washington,  65:36,  January  29,  1952). 

1853.  Pseudostoma  floridanus  Audubon  and  Bachman,  The  viviparous  quadrupeds  of 
North  America,  3:242,  type  from  St.  Augustine,  St.  Johns  Co.,  Florida. 

1895.  Geomys  tuza  mobilensis  Merriam,  N.  Amer.  Fauna,  8:119,  January  31,  type 
from  Point  Clear,  Mobile  Bay,  Baldwin  Co.,  Alabama. 

1898.  Geomys  floridanus  austrinus  Bangs,  Proc.  Boston  Soc.  Nat.  Hist.,  28:117, 
March,  type  from  Belleair,  Pinellas  Co.,  Florida. 

1898.  Geomys  colonus  Bangs,  Proc.  Boston  Soc.  Nat.  Hist.,  28:178,  March,  type  from 
Arnot  Plantation,  about  4 mi  W St.  Marys,  Camden  Co.,  Georgia. 

1898.  Geomys  cumberlandius  Bangs,  Proc.  Boston  Soc.  Nat.  Hist.,  28:180,  March, 
type  from  Stafford  Place,  Cumberland  Island,  Camden  Co.,  Georgia. 

1944.  Geomys  tuza  goffi  Sherman,  Proc.  New  England  Zool.  Club,  23:38,  August  30, 
type  from  Eau  Gallie,  Brevard  Co.,  Florida. 

Diagnosis. — Size  variable  but  medium  for  the  genus;  color  variable; 
lacking  fontanels  between  parietal  and  temporal  bones. 

Comparisons. — See  account  for  G.  p.  fontanelus. 

Remarks. — This  taxon  is  now  considered  to  contain  two  previously 
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recognized  species  and  four  previously  recognized  subspecies.  This 
represents  a major  shift  in  taxonomy  but  our  analyses  indicate  this  to 
be  the  correct  course.  Basically  our  analyses  show  that  the  amount  of 
intrapopulation  variation  nearly  equals  or,  in  many  cases,  equals  in- 
terpopulation variation.  In  such  a case,  recognition  of  other  subspecies 
does  not  seem  appropriate. 

The  three  previously  recognized  taxa  (G.  colonus,  G.  cumberlan - 
dius,  and  G.  p.  pinetis)  from  Camden  Co.,  Georgia,  and  the  adjacent 
coastal  island  were  examined  in  detail.  In  the  univariate  analyses,  only  a 
few  measurements  showed  any  significant  differences  among  the  pop- 
ulations. The  general  pattern  is  for  individuals  to  average  progressively 
larger  as  the  coast  is  approached  with  those  on  the  island  being  largest. 
Classification  matrices  of  canonical  analyses  showed  numerous  indi- 
viduals misclassified  into  adjacent  samples  as  well  as  with  nonadjacent 
samples.  These  samples  appear  to  form  a slight  cline  in  variation  but 
the  differences  are  relatively  slight  and  it  would  be  impossible  to  assign 
many  specimens  to  their  correct  group  without  reference  to  their  geo- 
graphic provenance. 

Geomys  colonus  was  further  characterized  by  much  darker  color- 
ation and  a U-shaped  rather  than  a V-shaped  palatal  notch  (Bangs, 
1898).  However,  examination  of  specimens  from  Camden  Co.  reveals 
all  possible  combinations  of  these  characters  (dark  individuals  with  U- 
shaped  and  V-shaped  palatal  notches  and  light  individuals  with  both 
types)  and  in  some  individuals  it  was  difficult  to  place  the  palatal  notch 
with  one  or  the  other  of  the  groups  (intermediate  in  shape).  The  main 
characters  used  to  distinguish  G.  cumberlandius  were  size  and  shape 
of  the  zygoma  (Bangs,  1898).  Our  analyses  do  not  confirm  the  former 
and  we  have  been  unable  to  appreciate  the  differences  in  the  latter  in 
the  series  of  specimens  that  we  have  examined.  Our  conclusion  from 
these  data  is  G.  colonus  and  G.  cumberlandius  are  not  distinct  from 
G.  p.  pinetis  even  at  the  subspecific  level. 

One  trend  in  morphological  variation  that  was  noted  in  some  anal- 
yses such  as  the  principal  components  was  that  average  size  of  indi- 
viduals increased  as  coasts  were  approached.  This  was  true  along  the 
Atlantic  Coast  of  Georgia  and  Florida  and  some  areas  of  the  Gulf  Coast 
of  Florida.  Davis  (1940)  noted  that  G.  personatus  also  tends  to  be 
larger  in  coastal  areas  with  more  recent  beach  development  in  Texas. 
In  Georgia  and  Florida,  pocket  gophers  are  relatively  recent  invaders 
of  coastal  areas  which  were  below  sea  level  during  the  Pleistocene. 
They  are  probably  encountering  similar  edaphic  conditions  associated 
with  current  or  more  recent  beach  sands  of  the  coastal  region.  It  is  our 
opinion  that  the  similarity  among  these  populations  is  a response  to 
similar  environmental  conditions. 

There  is  a considerable  amount  of  color  variation  in  the  subspecies 
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G.  p.  pinetis,  with  several  of  the  named  taxa  being  primarily  based 
upon  this  characteristic.  In  our  opinion,  color  is  too  highly  variable  to 
be  of  any  value  as  a taxonomic  character.  It  is  highly  correlated  with 
local  soil  color  as  in  other  pocket  gophers  (Getz,  1957).  Elliot  (1901), 
for  example,  found  that  he  could  not  match  the  color  of  his  specimens 
from  Tarpon  Springs,  Florida,  with  specimens  from  the  type  locality 
of  G.  p.  austrinus,  which  is  only  about  15  miles  away.  This  led  Elliot 
at  that  early  date  to  question  the  validity  of  austrinus.  Sherman  in  his 
original  description  of  G.  p.  goffi  noted  seasonal  differences  in  the 
pelage  colorations  of  this  taxon.  Specimens  taken  in  summer  were 
paler  than  those  taken  in  March  which  were  beginning  to  molt  to  the 
paler  color.  We  noted  a similar  seasonal  difference  in  specimens  that 
we  examined  from  Citrus  Co.,  Florida. 

Many  of  the  subspecies  of  G.  pinetis  formerly  recognized  were 
based  partially  on  details  of  cranial  morphology.  Many  of  these  dealt 
with  the  size  and  shape  of  the  nasal  bones.  Bangs  (1898)  described 
austrinus  as  having  a narrower  skull  with  less  spreading  zygoma. 
Bangs  (1898)  distinguished  G.  p.  floridanus  from  G.  p.  pinetis  be- 
cause the  former  had  larger  auditory  bullae  and  a wider  ascending 
branch  of  the  maxilla.  G.  p.  mobilensis  was  described  (Merriam,  1895) 
as  having  broader  interorbital  region  and  the  posterior  margin  of  in- 
terparietal bone  indented.  The  primary  distinguishing  character  of  G. 
p . goffi  (Sherman,  1944)  was  that  the  body  was  longer  in  proportion 
to  skull  length  because  they  had  an  extra  body  segment  with  13  pairs 
of  ribs  as  compared  with  12  in  most  floridanus  and  austrinus.  We 
attempted  to  quantify  as  many  of  these  characters  as  possible  or  to 
record  their  state  in  the  specimens  examined.  Our  data  do  not  support 
the  validity  of  these  characteristics.  Those  that  could  be  measured  do 
not  distinguish  the  populations  as  shown  in  the  univariate  and  multi- 
variate analyses.  With  larger  samples  available  than  when  originally 
described,  the  intrapopulation  variation  has  been  found  to  be  much 
higher  than  originally  thought.  Several  of  the  characters,  such  as 
spread  of  zygoma  and  breadth  of  interorbital  region,  are  probably  re- 
lated to  the  chronological  age  of  the  specimens  being  compared.  Our 
conclusion  from  these  analyses  and  observations  is  that  these  char- 
acters of  cranial  morphology  are  not  sufficient  to  warrant  the  recog- 
nition of  any  population  as  a distinct  subspecies. 

The  karyotypes  of  several  populations  of  G.  p.  pinetis  have  been 
examined  (Williams  and  Genoways,  1975;  Penney  and  Zimmerman, 
1976;  Hart,  1978).  The  diploid  number  is  42  and  the  fundamental  num- 
ber is  80.  No  karyological  variation  has  been  noted  to  this  point.  The 
bacula  of  18  individuals  from  11  localities  have  been  examined.  No 
significant  amount  of  variation  was  found  (manuscript  in  preparation), 
which  agrees  with  Sherman’s  (1940)  data  concerning  the  bacula  of 
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fontanelus  and  several  samples  of  pinetis.  These  data  would  certainly 
not  refute  placing  all  southeastern  pocket  gophers  into  a single  species 
with  only  two  subspecies.  However,  two  species  of  mallophagan  lice 
of  the  genus  Geomydoecus  have  been  reported  from  southeastern 
pocket  gophers  (Price  and  Emerson,  1971;  Price,  1975).  Geomydoecus 
scleritus  is  known  from  populations  of  fontanelus,  colonus,  cumber- 
landius,  goffi,  pinetis,  austrinus,  and  floridanus,  whereas  Geomydoe- 
cus mobilensis  is  known  from  populations  of  mobilensis  from  southern 
Alabama  and  western  Florida.  Although  the  distribution  of  scleritus 
would  certainly  support  the  results  of  most  of  our  findings,  the  rela- 
tionship of  mobilensis  does  raise  some  question  about  the  relationship 
of  populations  in  the  western  part  of  the  G.  pinetis  range. 

If  the  estimates  of  Penney  and  Zimmerman  (1976)  and  Russell  (1968) 
are  correct  in  that  G.  pinetis  split  away  from  the  other  Geomys  during 
the  Illinoian  glaciation  about  290,000  years  B.P.,  then  they  were  the 
first  living  members  of  the  genus  to  split  off  of  the  ancestral  stock.  The 
question  that  our  results  raises  is,  why  has  there  been  no  differentiation 
of  populations  of  Geomys  pinetis  as  observed  in  other  members  of  the 
genus,  and  certainly  other  members  of  the  family.  One  explanation  is 
that  G.  pinetis  has  been  confined  to  the  Atlantic  and  Gulf  coastal  plains 
which  were  subjected  to  series  of  submergences  and  emergences  dur- 
ing the  Pleistocene  (Schuchert,  1935,  1943;  Richards  and  Judsen,  1965; 
Auffenberg  and  Milstead,  1965).  This  would  have  alternately  made  less 
area  and  more  area  available  for  occupancy  by  pocket  gophers.  We 
believe  that,  during  periods  of  submergence  pocket  gophers  were  con- 
fined to  a single  refugium  so  that  isolation  did  not  occur,  or  to  several 
refugia  where  isolation  did  occur,  but  for  very  brief  periods  that  would 
not  be  adequate  to  allow  differentiation.  The  emergence  of  land  as- 
sociated with  dropping  sea  levels  would  be  relatively  uniform  over 
large  areas  such  as  the  flat  coastal  plains  of  Florida,  thus  further  in- 
hibiting the  possibility  of  isolation.  Therefore,  the  current  distribution 
and  taxonomic  status  of  G.  pinetis  may  be  the  result  of  a relatively 
recent  invasion  of  many  areas  from  one  or  more  refugia  with  the  lack 
of  time  and  isolation  to  provide  differentiation  between  populations. 
The  present  time  may  be  a very  dynamic  period  with  populations  still 
adapting  to  the  local  environmental  conditions.  There  appears,  even 
now,  to  be  a certain  degree  of  extinction  and  reinvasion  of  local  areas, 
resulting  partly  from  fluctuations  in  the  level  of  the  water  table.  Human 
intervention  is  currently  a definite  factor  in  the  success  or  failure  of 
survival  of  local  populations;  draining  of  swamps  and  development  of 
roadways  can  certainly  make  available  new  habitats,  whereas  expand- 
ing metropolitan  areas  virtually  eliminate  every  individual  from  an 
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Specimens  Examined  (2136). — Alabama:  Atauga  Co.:  10  mi  N Prattville,  12 
(USNM).  Baldwin  Co.:  Daphne,  2 (FSM);  1 Vi  mi  N Fairhope,  1 (FSM);  1 mi  N Fair- 
hope,  2 (KU);  Fairhope,  9 (3  FSM,  2 UMMZ,  4 USNM);  near  Fairhope,  1 (FSM); 
Orange  Beach,  2 (USNM).  Barbour  Co.:  Clio,  2 (USNM);  Eufaula,  4 (AMNH).  Bullock 
Co.:  Midway,  1 (USNM).  Clark  Co.:  7 mi  S,  8 mi  W Thomasville,  3 (AMNH);  8 mi  S, 

8 mi  W Thomasville,  3 (AMNH).  Conecuh  Co.:  Repton,  1 (USNM).  Dale  Co.:  Ewell, 

1 (USNM);  Ozark,  1 (USNM).  Dallas  Co.:  Selma,  5 (AMNH).  Escambia  Co.:  Brewton, 

2 (USNM).  Henry  Co.:  Haleburg,  2 (USNM);  3.4  mi  W Shirterville,  1 (FSM).  Houston 
Co.:  near  Gordon,  1 (FSM).  Montgomery  Co.:  8 mi  N Montgomery,  1 (USNM).  Russell 
Co.:  Seale,  8 (USNM).  Tuscaloosa  Co.:  Tidewater,  1 (USNM).  County  unknown:  Mo- 
bile Bay  (probably  Baldwin  Co.,  but  might  be  Mobile  Co.  or  both),  9 (USNM);  Specific 
locality  unknown,  1 (USNM). 

Florida:  Alachua  Co.:  1 mi  N,  2.8  mi  W Alachua,  1 (CM);  0.5  mi  S,  2 mi  E Alachua, 

3 (CM);  Archer,  2 (FSM);  4.7  mi  E Archer,  1 (FSM);  S of  Bivens  Arm,  1 (FSM);  8 mi 
NW  Gainesville,  1 (FSM);  6 mi  NW  Gainesville,  9 (FSM);  5 mi  NW  Gainesville,  1 
(FSM);  9 mi  W Gainesville,  1 (FSM);  Gainesville,  540  (15  AMNH,  3 BM,  5 FMNH,  509 
FSM,  1 KU,  1 MCZ,  2 UI,  1 UMMZ,  3 USNM);  Gainesville  area,  1 (USNM);  near 
Gainesville,  1 (USNM);  1.7  mi  E Gainesville,  1 (FSM);  3 mi  E Gainesville,  1 (CM);  6 
mi  E Gainesville,  9 (CM);  0.8  mi  SW  Gainesville,  1 (FSM);  7 mi  SW  Gainesville,  1 
(FSM);  5 mi  S Gainesville,  1 (FSM);  High  Springs,  1 (JMM);  5.7  mi  E LaCrosse,  1 
(FSM);  Newberry,  1 (FSM);  W of  Newnan’s  Lake,  5 (FSM);  Newnan’s  Lake  Road, 
1 (FSM);  Paynes  Prairie,  1 (FSM);  San  Felasco,  1 (USNM);  1.9  mi  NW  Jet  Hwy  24  and 
Hwy  41,  1 (TTU);  1.4  mi  NW  Jet  Hwy  24  and  Hwy  41,  1 (TTU);  0.3  mi  SW  Jet  1-75  and 
Hwy  24,  1 (TTU);  0.9  mi  SW  Jet  1-75  and  Hwy  24,  1 (TTU);  3.4  mi  SW  Jet  1-75  and 
Hwy  24,  1 (TTU);  5.3  mi  SW  Jet  1-75  and  Hwy  24,  1 (TTU);  7.1  mi  SW  Jet  1-75  and 
Hwy  24,  1 (TTU);  8.3  mi  SW  Jet  1-75  and  Hwy  24,  1 (TTU);  Specific  locality  unknown, 
60  (FSM).  Baker  Co.:  Glen  St.  Mary,  2 (USNM).  Bay  Co.:  1 mi  S Bay,  2 (FSM); 
Highland  Park  (=  Hiland  Park),  1 (USNM);  5 mi  E Inlet  Beach,  1 (USNM);  Saunders, 
3 (USNM);  5 mi  E Saunders,  1 (USNM);  Southport,  1 (AMNH);  5 mi  S Youngstown, 
1 (USNM);  Brevard  Co.:  Eau  Gallie,  28  (5  AMNH,  1 DMNH,  7 FSM,  3 KU,  12  MCZ). 
Calhoun  Co.:  Blountstown,  8 (4  AMNH,  3 FSM,  1 USNM);  1.2  mi  N Clarksville,  2 
(TTU).  Citrus  Co.:  Citronelle,  5 (1  BM,  2 FMNH,  2 MCZ);  1.4  mi  SE  Dunnellon,  1 
(FSM);  1.7  mi  SE  Dunnellon,  2 (FSM);  2.0  mi  SE  Dunnellon,  1 (FSM);  2.2  mi  SE 
Dunnellon,  1 (FSM);  2.3  mi  SE  Dunnellon,  2 (FSM);  2.6  mi  SE  Dunnellon,  1 (FSM); 
2.8  mi  SE  Dunnellon,  1 (FSM);  3.4  mi  SE  Dunnellon,  3 (FSM);  4.2  mi  SE  Dunnellon, 
1 (FSM);  4.3  mi  SE  Dunnellon,  1 (FSM);  5.2  mi  SE  Dunnellon,  1 (FSM);  5.3  mi  SE 
Dunnellon,  1 (FSM);  7 mi  SW  Dunnellon,  1 (FSM);  Vi  mi  N Inverness,  1 (FSM);  2 Vi 
mi  W Inverness,  1 (FSM);  Inverness,  Lake  Tsala,  1 (UMMZ);  7 mi  S Inverness,  3 
(FSM);  Lake  Tsala  Apopka,  1 (JMM);  Trenton,  1 (FSM);  1 mi  W Withlacochee  R.,  1 
(FSM).  Clay  Co.:  Camp  Blanding,  1 (FSM);  Green  Cove  Sprs.,  2 (FSM);  Keystone 
Heights,  6 (FSM);  Kingsley  Lake,  4 (FSM);  7.5  mi  E Kingsley  Lake,  1 (FSM);  3 mi  SW 
Middleburg,  2 (FSM);  Specific  locality  unknown,  1 (FSM).  Columbia  Co.:  Ellisville,  1 
(FSM);  4 mi  NW  Fort  White,  1 (FSM);  14  mi  N Lake  City,  1 (FSM);  5 mi  S Lake  City, 
1 (FSM);  4.7  mi  N Santa  Fe  R.,  1 (FSM).  De  Soto  Co.:  N Arcadia,  1 (FSM);  Arcadia, 
3 (USNM);  Fort  Ogden,  1 (FSM).  Dixie  Co.:  Jena,  2 (FSM);  Old  Town,  6 (3  FSM,  3 
USNM).  Duval  Co.:  4 mi  W Atlantic  Beach,  1 (FSM);  1.0  mi  NW  Bayard,  3 (TTU); 
Bayard,  1 (FSM);  SW  Corner,  1 (FSM);  5 mi  N Jacksonville,  3 (AMNH);  Jacksonville, 

9 ( 1 BM,  3 FMNH,  5 USNM);  6 mi  S.  Jacksonville,  1 (FSM);  New  Berlin,  81  (6  FMNH, 
71  MCZ,  4 TCWC);  Oceanway,  9 (USNM);  St.  Charles  Creek,  1 (FMNH);  Tisonia,  0.6 
mi  N fire  tower,  1 (USNM).  Escambia  Co.:  16  mi  S Century,  1 (AMNH);  Gonzales,  3 
(AMNH);  Pensacola,  5 (1  FSM,  1 MCZ,  3 USNM).  Flagler  Co.:  0.3  mi  S St.  Johns  Co., 
1 (FSM);  0.5  mi  S.  St.  Johns  Co.,  1 (FSM).  Franklin  Co.:  St.  James  Island,  1 (FSM). 
Gadsden  Co.:  Chattahoochee,  2 (USNM);  E of  Concord,  1 (USNM).  Gilchrist  Co.:  1 
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mi  S Bell,  1 (FSM).  Hamilton  Co.:  1 mi  E Blue  Spring,  2 (FSM);  3 mi  E Blue  Spring, 
1 (FSM);  White  Springs,  1 (FSM).  Hardee  Co.:  Wauchula,  3 (2  AMNH,  1 FSM);  S 
Zolfo  Springs,  1 (FSM).  Hernando  Co.:  4.7  mi  E Coogler’s  Camp,  1 (FSM);  Weeki- 
wachee  Springs,  2 (AMNH);  Specific  locality  unknown,  2 (FSM).  Highlands  Co.:  De 
Soto  City,  13  (AMNH);  7 mi  N Lake  Placid,  1 (FSM);  7 mi  NW  Lake  Placid,  1 (FSM); 
1 mi  N Sebring,  1 (SSC);  Sebring,  5 (CM);  T34S,  R29E,  SE  corner  Sec  20,  1 (SSC); 
T35S,  R29E,  NE  corner  Sec  5,  1 (SSC).  Hillsborough  Co.:  Dug  Creek,  1 (FSM);  Plant 
City,  3 (FSM);  Tampa,  2 (UIMNH);  Tampa,  vie.  Univ.  South  Florida,  11  (TTU);  Wi- 
mauma,  2 (AMNH);  2 Vi  mi  S,  2 mi  W Wimauma,  2 (AMNH).  Holmes  Co.:  Ponce  de 
Leon,  2 (1  AMNH,  1 USNM);  Westview,  1 (USNM).  Jackson  Co.:  0.7  mi  S Butler,  1 
(FSM);  Cypress,  1 (USNM);  Marianna,  5 (2  FSM,  3 USNM);  7 mi  N Sneads,  1 (FSM); 
4 mi  N Sneads,  2 (FSM);  Sneads,  2 (USNM);  4 mi  SE  Sneads,  1 (FSM).  Jefferson  Co.: 
Lloyd,  1 (FSM);  Monticello,  2 (1  FSM,  1 USNM);  2 mi  W Waukeena  ( = Waukeenah), 
1 (FSM);  Waukeena  ( = Waukeenah),  2 (FSM);  Waukeenah,  1 (FSM).  Lafayette  Co.:  3 
mi  W Branford,  1 (FSM);  5 mi  E Mayo,  1 (FSM).  Lake  Co.:  Leesburg,  31  (29  FSM,  2 
UMMZ);  Mascotte,  3 (FSM);  Mt.  Dora,  1 (UMMZ);  2 mi  W Tavares,  2 (FSM);  Tavares, 
15  (FSM).  Leon  Co.:  Tallyhassee  (=Tallahassee),  1 (FSM);  Woodville,  3 (FSM);  4 mi 
E Woodville,  1 (AMNH).  Levy  Co.:  Bronson,  6 (4  CM,  2 FSM);  9 mi  S Chiefland,  2 
(FSM);  Lebanon  Sta.,  1 (FSM);  Otter  Creek,  18  mi  SW  on  Rt.  24,  1 (FSM);  Sumner, 

10  (DMNH,  9 FSM);  1 Vi  mi  E Sumner,  1 (FSM);  2 mi  E Sumner,  1 (FSM);  2 mi  NE 
Williston,  1 (FSM);  Wylly,  1 (FSM);  6 mi  SW  Wylly,  1 (FSM).  Liberty  Co.:  Hosford, 

1 (FSM).  Madison  Co.:  Lee,  2 (USNM);  Madison,  2 (USNM).  Manatee  Co.: 
Specific  locality  unknown,  2 (FSM).  Marion  Co.:  Camp  Roosevelt,  2 (FSM); 
1.5  mi  E Dunnellon,  2 (FSM);  1.6  mi  E Dunnellon,  1 (FSM);  4.4  mi  E Dunnellon,  1 
(FSM);  4.5  mi  E Dunnellon,  1 (FSM);  4.6  mi  E Dunnellon,  2 (FSM);  4.9  mi  E Dunnellon, 

2 (FSM);  5 mi  E Dunnellon,  3 (FSM);  5.3  mi  E Dunnellon,  1 (FSM);  5.4  mi  E Dunnellon, 

1 (FSM);  5.7  mi  E Dunnellon,  1 (FSM);  5.9  mi  E Dunnellon,  1 (FSM);  9.3  mi  E Dun- 
nellon, 3 (FSM);  Ocala,  1 (JMM);  20  mi  E Ocala,  1 (USNM);  Ocala  National  Forest,  2 
(1  KU,  1 USNM);  Ocala  National  Forest,  Lake  Bryant,  6 (USNM);  Ocala  National 
Forest,  Lake  Bryant  Ranger  Sta.,  4 (USNM);  Ocala  National  Forest,  20  mi  NE  Lake 
Bryant  Planting  Sta.,  5 (USNM);  7 mi  E Salt  Springs,  1 (FSM);  1 mi  W Silver  Springs, 

2 (KU);  7 mi  E Silver  Springs,  1 (FSM);  2 mi  E Withlacoochee  R.,  1 (FSM);  3 mi  E 
Withlacoochee  R.,  3 (FSM).  Nassau  Co.:  Chester,  1 (USNM);  Crandall,  11  (USNM); 
6 mi  NW  Hilliard,  1 (FSM);  Raser’s  Bluff,  11  (7  AMNH,  4 DMNH);  Reed’s  Bluff,  3 
(1  AMNH,  2 DMNH);  Rose  Bluff,  St.  Marys  River,  3 (MCZ);  1.6  mi  S St.  Marys  River, 
U.S.  1,  3 (FSM);  1.0  mi  E Yulee,  1 (USNM);  1.2  mi  E Yulee,  1 (USNM);  1.8  mi  E 
Yulee,  1 (USNM);  2.0  mi  E Yulee,  1 (USNM);  2.1  mi  E Yulee,  2 (USNM);  2 mi  S 
Yulee,  1 (FSM);  2.4  mi  S Yulee,  1 (USNM);  2.5  mi  S Yulee,  1 (USNM).  Okaloosa  Co.: 
Crestview,  1 1 (7  AMNH,  4 USNM);  Shalimar,  2 (AMNH);  Okaloosa-Santa  Rosa  county 
line  on  Hwy  90,  1 (TTU);  0.5  mi  W county  line  on  Hwy  90,  1 (TTU).  Orange  Co.: 
Apopka,  1 (JMM);  Fort  Christmas,  1 (FSM);  Vi  mi  SE  Lockhart,  3 (FSM);  Orlando,  3 
(2  MCZ,  1 USNM);  Tangerine,  2 (FSM);  Winter  Park,  1 (FSM);  Zellwood,  Bay  Ridge 
Rd.,  2 (MSU).  Osceola  Co.:  Illahaw,  1 (FSM);  Vi  mi  S Illaha  ( = Illahaw),  1 (FSM);  11 
mi  N Kenansville,  2 (FSM);  9 mi  N Kenansville,  2 (FSM);  7 mi  N Kenansville,  4 (2 
FSM,  2 AMNH);  5 mi  N Kenansville,  1 (AMNH);  Kenansville,  1 (AMNH);  Nittaw,  1 
(FSM);  St.  Cloud,  2 (FSM).  Pasco  Co.:  New  Port  Richey,  11  (5  AMNH,  6 USNM);  5 
mi  E Port  Richey,  3 (USNM);  SW  corner  (county),  3 (FSM).  Pinellas  Co.:  Bellair  ( = 
Belleair),  3 (FSM);  Belleair,  15  (3  FSM,  10  KU,  2 MCZ);  Clearwater,  8 (FSM);  1 mi  N 
Davis  Causeway,  3 (FSM);  Dunedin,  1 (UMMZ);  Safety  Harbor,  4 (FSM);  St.  Peters- 
burg, 21  (6  AMNH,  14  MCZ,  1 USNM);  2 mi  N,  1 mi  E Tarpon  Springs,  1 (AMNH); 
1 mi  N,  1 mi  E Tarpon  Springs,  1 (AMNH);  Tarpon  Springs,  17  (5  AMNH,  1 UMMZ, 

11  USNM);  Wall  Springs,  1 (FSM).  Polk  Co.:  Auburndale,  8 (1  FSM,  7 USNM);  1 Vi 
mi  NE  Davenport,  13  (12  AMNH,  1 KU);  1 mi  NE  Davenport,  9 (8  AMNH,  1 KU);  Ft. 
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Meade,  1 (AMNH);  Frost  Proof,  3 (FSM);  Lake  Juliana,  1 (USNM);  Lake  Wales,  1 
(CM);  Polk  City,  1 (FSM);  north  Winter  Haven,  200',  2 (CM);  5 mi  S Winter  Haven,  1 
(FSM).  Putnam  Co.:  Drayton  Beach,  1 (USNM);  5 mi  NE  Hawthorne,  1 (FSM);  W side 
of  Levy  Prairie,  1 (FSM);  2 Vi  mi  S Melrose,  2 (FSM);  Palatka,  3 (2  FSM,  1 MCZ); 
Pomona,  4 (USNM);  San  Mateo,  14  (8  FSM,  6 USNM);  Satsuma,  7 (FSM);  Silver  Lake, 

2 (UMMZ);  Welaka,  15  (12  FSM,  3 TNHC);  Welaka,  Univ.  Florida  Conservation  Re- 
serve, 6 (3  FSM,  3 KU).  Santa  Rosa  Co.:  Milton,  12  (USNM).  Seminole  Co.:  Fern 
Park,  1 (FSM);  Vi  mi  S Forest  City,  1 (FSM);  Geneva,  2 (USNM).  St.  Johns  Co.:  13  mi 
N Burnell,  2 (AMNH);  14  mi  N Burnell,  1 (AMNH);  Carterville,  28  (MCZ);  1 mi  N 
Flagler  Co.,  1 (FSM);  1.75  mi  N Flagler  Co.,  1 (FSM);  6 mi  N bridge  at  Green  Cove 
Springs,  1 (FSM);  5.9  mi  W U.S.  1 at  St.  Augustine,  1 (FSM);  St.  Augustine,  3 (FSM); 

4 mi  SW  St.  Augustine,  1 (KU);  4 mi  S St.  Augustine,  1 (FSM);  6.5  mi  S St.  Augustine, 
1 (FSM);  Specific  locality  unknown,  1 (FSM).  St.  Lucie  Co.:  5 mi  N,  V2  mi  E Ft.  Walton, 
1 (AMNH);  4 Vi  mi  N,  1 mi  W Ft.  Walton,  1 (AMNH).  Sumter  Co.:  Wildwood,  15  (14 
AMNH,  1 UMMZ).  Suwannee  Co.:  Falmouth,  2 (FSM);  Live  Oak,  1 (FSM).  Taylor 
Co.:  4 NNW  Perry,  1 (AMNH);  4 mi  NW  Perry,  1 (AMNH);  3 mi  E Perry,  1 (FSM); 

3 Vi  mi  SW  Perry,  1 (AMNH);  5 mi  SSE  Perry,  1 (FSM).  Union  Co.:  Lake  Butler,  4 
(FSM).  Volusia  Co.:  0.8  mi  N Barberville,  1 (FSM);  Barberville,  1 (AMNH);  DeLand, 

1 (FSM);  De  Leon  Springs,  3 (AMNH);  Enterprise,  1 (AMNH);  New  Smyrna,  1 
(DMNH);  2 mi  S Pearson  ( = Pierson),  2 (FSM).  Wakulla  Co.:  Crawfordville,  1 (FSM); 
Panacea,  1 (UIMNH).  Walton  Co.:  Argyle,  2 (1  AMNH,  1 USNM);  1 mi  W Bruce,  1 
(USNM);  Bruce,  1 (USNM);  3 mi  E Bruce,  2 (USNM);  20  mi  E Crestview,  2 (USNM); 

5 mi  NW  DeFuniak,  2 (FSM);  10.6  mi  W DeFuniak  Springs,  3 (USNM);  7 mi  SE 
DeFuniak  Springs,  2 (USNM);  1.2  mi  E Point  Washington,  1 (USNM);  2.5  mi  E Point 
Washington,  1 (USNM);  4 mi  E Point  Washington,  1 (USNM);  Redboy  ( = Redbay),  1 
(AMNH);  Rockhill,  5 (USNM);  Seagrove  Beach,  5 (2  FSM,  3 USNM);  Rt.  395  between 
Seagrove  Beach  and  Rt.  98,  4 (FSM);  Rt.  395  between  30A  at  Seagrove  Beach  and  Rt. 
98,  3 (FSM);  Whitfield,  1 (CM);  Rt.  98,  2 mi  E Rt.  395,  1 (FSM);  0.4  mi  E county  line  on  Hwy 
90,  1 (TTU);  1.1  mi  E county  line  on  Hwy  90,  1 (TTU);  2.5  mi  E county  line  on  Hwy  90,  1 
(TTU);  5.9  mi  E county  line  on  Hwy  90,  1 (TTU);  7.0  mi  E county  line  on  Hwy  90,  1 (TTU). 
Washington  Co.:  Chipley,  6 (1  FSM,  5 USNM);  2 mi  E Chipley,  1 (USNM);  Crystal 
Lake,  1 (AMNH);  Miller’s  Ferry,  1 (USNM);  4 mi  N Vernon,  1 (USNM);  2 mi  N 
Vernon,  1 (USNM);  Vernon,  2 (AMNH);  10  mi  SW  Vernon,  1 (USNM);  6 mi  S,  Vi  mi 
W Wausau,  1 (KU).  County  unknown:  Blitches  Ferry,  1 (MCZ);  Lake  Harney  (Seminole 
or  Volusia  county),  3 (USNM);  Specific  locality  unknown,  8 (1  MCZ,  2 UMMZ,  5 
USNM). 

Georgia:  Appling  Co.:  4 mi  S Altamaka,  1 (FSM);  Baker  Co.:  Mimsville,  2 (MCZ). 
Ben  Hill  Co.:  9 Vi  mi  N Fitzgerald,  2 (AMNH);  8 mi  N Fitzgerald,  1 (AMNH);  6 Vi  mi 
N Fitzgerald,  1 (AMNH);  6 mi  N Fitzgerald,  1 (AMNH);  10  Vi  mi  E Fitzgerald,  1 
(AMNH);  8.9  mi  W GA  31  on  US  319,  1 (FSM);  Specific  locality  unknown,  4 (FSM). 
Bryan  Co.:  1 mi  SW  Blitchton,  5 (USNM).  Burke  Co.:  Waynesboro,  1 (USNM).  Cam- 
den Co.:  Dunaway’s  Farm  (between  Kingsland  and  Scotchville),  2 (1  KU,  1 USNM); 
Cumberland  Island,  Stafford  Place,  20  (8  AMNH,  12  MCZ);  Cumberland  Island,  37  (6 
CM,  8 DMNH,  8 MCZ,  4 UMMZ,  1 1 USNM);  3 mi  W Kingsland,  8 (USNM);  Kingsland, 
5 (3  FSM,  1 TTU,  1 USNM);  3.5  mi  E Kingsland,  1 (USNM);  SE  of  Kingsland,  1 (KU); 
0.7  mi  S Kingsland,  2 (USNM);  1 mi  S Kingsland,  2 (FSM);  1.1  mi  SSE  Kingsland,  2 
(TTU);  1.8  mi  S Kingsland,  1 (USNM);  1.9  mi  S Kingsland,  3 (USNM);  2 mi  S Kingsland, 

2 (1  ROM,  1 UMMZ);  2.1  mi  S Kingsland,  2 (USNM);  Scotchville,  5 (1  FSM,  4 USNM); 

1 mi  S Scotchville,  9 (USNM);  S of  McKinnons,  near  Scotchville,  1 (DMNH);  3 mi  SE 
Scrubley  Bluff,  1 (DMNH);  W2  mi  W St.  Marys,  1 (UMMZ);  5.9  mi  W St.  Marys,  2 
(TTU);  5 mi  W St.  Marys,  5 (USNM);  3 mi  W St.  Marys,  14  (USNM);  St.  Marys,  16 
(3  FMNH,  10  MCZ,  3 USNM);  near  St.  Marys,  19  (8  AMNH,  11  DMNH);  Specific 
locality  unknown,  9 (8  UIMNH,  1 USNM).  Clay  Co.:  Ft.  Gaines,  5 (3  USNM,  2 FSM). 
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Coffee  Co.:  GA  107  and  31,  7 (FSM);  GA  31  and  Ocmulgee  R.,  1 (FSM);  Specific 
locality  unknown,  1 (FSM).  Cook  Co.:  3 mi  W Antiock  Church,  1 (FSM).  Crawford 
Co.:  6 mi  E Reynolds,  1 (FSM);  Roberta,  3 (USNM);  7 mi  S Roberta,  3 (USNM). 
Decatur  Co.:  5 Vi  mi  W Flint  R.,  Bainbridge,  1 (FSM);  5 mi  W Bainbridge,  1 (FSM); 
2 mi  SE  Bainbridge,  1 (FSM);  3 mi  SE  Bainbridge,  1 (FSM);  Climax,  3 (USNM).  Dodge 
Co.:  10  mi  W Eastman,  1 (FSM).  Dougherty  Co.:  5 mi  W Albany,  1 (FSM);  4 mi  W 
Albany,  1 (FSM);  3 mi  W Albany,  1 (FSM);  Albany,  2 (FSM);  Albany,  “dunes,”  11 
(USNM);  Albany,  NW  Flint,  1 (USNM);  Albany,  “dunes”  E of  Flint  R.,  1 (USNM); 
Albany,  Turner  Rd.,  1 (USNM);  4 mi  SW  Albany,  7 (FSM);  6 !4  mi  SW  Albany,  14 
(FSM).  Emanuel  Co.:  4 mi  N Modoc,  2 (USNM).  Glynn  Co.:  1 14  mi  N Little  Satilla 
R.,  1 (FSM);  Sterling,  21  (MCZ).  Grady  Co.:  3.5  mi  N Beachton,  2 (USNM);  1 mi  E 
Beachton,  1 (USNM).  Houston  Co.:  4 mi  W Perry,  1 (FSM).  Jefferson  Co.:  Pinetucky, 
5 (MCZ).  Jenkins  Co.:  Millin  ( = Millen),  1 (AMNH);  Herndon  (S.  river),  3 (AMNH). 
Lanier  Co.:  near  Alapaha  R.,  1 (FSM).  Macon  Co.:  Ideal,  1 (USNM).  Mitchell  Co.: 
near  Camilla,  1 (USNM).  Pulaski  Co.:  Hawkinsville,  1 (FSM).  Quitman  Co.:  George- 
town, 4 (AMNH).  Richmond  Co.:  Adam,  44  (MCZ);  Augusta,  19  (USNM);  10  mi  SW 
Augusta,  1 (FSM);  10  mi  S Augusta,  2 (FSM);  14  mi  SW  Augusta,  1 (FSM);  Blythe  (3 
mi  N intersection  road  to  Wrens  and  Hepzibah),  1 (AMNH);  Blythe  (2  mi  N intersection 
road  to  Wrens  and  Hepzibah),  1 (AMNH);  Blythe  (1  14  mi  N intersection  road  to  Wrens 
and  Hepzibah),  2 (AMNH);  McBean,  1 (USNM).  Screven  Co.:  Hursman’s  Lake,  22 
(MCZ);  Rocky  Ford,  1 (FMNH);  Sylvania,  14  mi  N Wade  Plantation,  2 (FSM);  Sylvania, 
1 (AMNH);  10  mi  SE  Sylvania,  1 (AMNH);  10  1/2  mi  SE  Sylvania,  1 (AMNH).  Talbot 
Co.:  Geneva,  2 (USNM);  Junction  City,  3 (USNM).  Tattnall  Co.:  1 mi  E Ohoopee  R., 
1 (FSM);  Reidsville,  3 (USNM).  Taylor  Co.:  5.4  mi  N Butler,  1 (FSM);  2 mi  W Butler, 
1 (FSM);  Butler,  17  (USNM);  1 mi  E Butler,  1 (FSM);  Howard,  1 (USNM).  Telfair  Co.: 
33  mi  N Douglas,  1 (FSM);  Helena,  1 (FSM);  Jacksonville,  3 (2  AMNH,  1 USNM); 
McRae,  5 (4  AMNH,  1 USNM);  2 mi  S McRae,  1 (FSM).  Thomas  Co.:  Metcalf,  2 
(USNM);  Thomas ville,  2 (FSM);  7 mi  SW  Thomasville,  1 (USNM);  10  mi  SW  Thom- 
asville,  1 (UMMZ);  Specific  locality  unknown,  2 (USNM).  Ware  Co.:  Hebardsville,  3 
(USNM);  5 mi  N Waycross,  3 (AMNH);  2 mi  N Waycross,  5 (AMNH);  Waycross,  3 
(2  FSM,  1 USNM).  Wayne  Co.:  Doctortown,  10  (MCZ);  Jesup,  1 (USNM).  Wheeler 
Co.:  2 mi  NE  McRae,  1 (FSM);  GA  31  and  US  280,  5 (FSM).  County  unknown:  Specific 
locality  unknown,  2 (FSM). 
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Abstract 

A new  species,  Trimerorhachis  sandovalensis,  is  based  on  a nearly  complete  skull 
and  large  portion  of  postcranial  skeleton  from  the  Lower  Permian  Abo  Formation  near 
Jemez  Springs,  north-central  New  Mexico.  Numerous  other  specimens,  indeterminate 
at  the  specific  level,  indicate  that  Trimerorhachis  was  distributed  over  a wide  area  of 
New  Mexico  during  the  Early  Permian.  Paleogeographic  reconstructions  of  New  Mexico 
at  that  time  suggest  that  Trimerorhachis,  as  well  as  the  lungfish  Gnathorhiza,  rhipidistian 
crossopterygian  fishes,  the  amphibian  Diplocaulus,  and  the  reptile  Dimetrodon,  were 
inhabitants  of  a wide  coastal  plain  that  extended  from  shallow  marine  environments 
along  the  southern  margin  of  the  state  to  highlands  along  the  northern  margin  of  the 
state.  These  “coastal  plain”  inhabitants  are  absent  from  contemporaneous,  highly  fos- 
siliferous  beds  of  the  Lower  Permian  Cutler  Formation  at  Arroyo  de  Agua  and  El  Cobre 
Canyon  deposited  adjacent  to  the  northern  highlands,  only  45  km  north  of  Jemez 
Springs.  The  Arroyo  de  Agua  and  El  Cobre  Canyon  faunas,  in  turn,  include  many  forms 
not  found  as  yet  in  the  region  of  the  “coastal  plain”  of  New  Mexico. 
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Introduction 

At  the  time  of  Langston’s  (1953)  detailed  account  of  the  Lower 
Permian  amphibians  of  New  Mexico,  Trimerorhachis  remained  unre- 
corded from  the  state  even  though  it  is  one  of  the  most  common  ani- 
mals of  the  Lower  Permian  of  Texas  and  Oklahoma.  Langston  viewed 
the  absence  of  this  amphibian  in  New  Mexico  as  quite  unusual  because 
the  Lower  Permian  vertebrate  faunas  of  New  Mexico  and  Texas  are 
in  general  similar.  He  considered  it  improbable  that  this  apparent 
anomaly  was  due  to  sampling  error  or  the  result  of  unfavorable  climate, 
physical  environment,  or  differences  in  food  supply.  What  was  known 
at  that  time  about  the  Early  Permian  vertebrates  of  New  Mexico  was 
based  primarily  on  excellent  collections  from  the  fairly  restricted  but 
intensively  prospected  exposures  of  the  Cutler  Formation  near  Arroyo 
de  Agua  and  in  El  Cobre  Canyon,  which  lie  only  about  30  km  apart  in 
north-central  Rio  Arriba  County.  Collections  from  the  very  extensive 
Lower  Permian  exposures  of  the  remainder  of  the  state,  particularly 
the  Abo  Formation,  were  small  and  fragmentary.  Only  in  recent  years 
have  these  relatively  neglected  exposures  received  careful  attention, 
with  the  result  that  it  can  now  be  stated  that  Trimerorhachis  was 
probably  a common  element  of  the  fauna  outside  of  the  Arroyo  de 
Agua-El  Cobre  Canyon  collecting  region. 

Olson  and  Vaughn  (1970)  were  the  first  to  report  Trimerorhachis 
from  the  Lower  Permian  of  New  Mexico.  This  was  based  on  a partial 
skull  from  the  Abo  Formation  of  the  Caballo  Mountains  in  south-cen- 
tral Sierra  County.  The  specimen  described  here  as  a new  species,  T. 
sandovalensis,  was  collected  from  the  Abo  Formation  near  Jemez 
Springs,  Sandoval  County,  in  north-central  New  Mexico.  At  least  four 
other  undescribed,  partial  skulls  from  the  Abo  Formation  of  New  Mex- 
ico can  now  be  assigned  to  this  genus,  but  without  specific  designation. 
Three  of  these  specimens  are  from  two  localities  that  are  roughly  equi- 
distant between  Jemez  Springs  and  the  Caballo  Mountains,  indicating 
that  Trimerorhachis  was  wide  ranging  in  New  Mexico  during  the  Early 
Permian. 

Recent  papers  by  Vaughn  (19666,  19696,  1970)  have  helped  greatly 
in  understanding  distribution  patterns  of  Early  Permian  vertebrates 
throughout  the  Southwest.  New  faunal  discoveries  in  New  Mexico, 
however,  necessitate  changes  in  his  model  which  is  based  on  paleo- 
geographic  reconstructions.  A tentative  explanation  is  offered  for  the 
absence  of  Trimerorhachis  from  the  Lower  Permian  Cutler  exposures 
of  the  Arroyo  de  Agua-El  Cobre  Canyon  region  in  north-central  New 
Mexico  and  its  seemingly  common  occurrence  in  the  extensive  Abo 
exposures  of  central  and  south-central  New  Mexico. 
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The  following  abbreviations  are  used  to  refer  to  repositories  of  specimens:  AMNH, 
American  Museum  of  Natural  History,  New  York;  CM,  Carnegie  Museum  of  Natural 
History,  Pittsburgh;  FMNH,  Field  Museum,  Chicago;  YPM,  Peabody  Museum  of  Nat- 
ural History,  Yale  University,  New  Haven. 

Systematic  Paleontology 

Class  Amphibia 
Subclass  Labyrinthodontia 
Order  Temnospondyli 
Family  Trimerorhachidae 
Genus  Trimerorhachis  Cope  1878 
Trimerorhachis  sandovalensis,  new  species 

Holotype.—C M 38025  is  a partial,  articulated  skeleton  preserved  on 
three  separate  blocks.  The  nearly  complete  skull  with  closely  adhering 
lower  jaws,  first  eight  presacral  vertebrae  with  many  ribs  fairly  well 
represented  and  most  of  pectoral  girdle  are  preserved  in  a single  block 
in  nearly  perfect  articulation.  On  another  block  an  isolated  string  of 
three  vertebrae  with  rib  fragments,  exhibiting  some  displacement  and 
crushing  of  individual  elements,  is  believed  to  be  from  the  posterior 
region  of  the  dorsal  column.  A third  small  block  contains  closely  as- 
sociated or  loosely  articulated  skeletal  elements  of  the  pelvic  region. 
These  include:  last  five  or  six  neural  arches  and  three  intercentra  of 
posteriormost  dorsal  vertebrae,  ilia  and  ischia,  proximal  end  of  left 
femur,  first  five  or  six  caudal  neural  arches,  and  a few  scattered  com- 
plete and  fragmentary  ribs  belonging  to  caudal  and  dorsal  series  of 
vertebrae. 

Horizon  and  locality. — Lower  part  of  Abo  Formation,  Wolfcampian, 
Lower  Permian,  on  west  side  of  Canyon  de  San  Diego,  west  of  State 
Highway  4 and  along  western  edge  of  Jemez  River,  about  11.5  km 
south  of  Jemez  Springs,  approximately  lat  35°40'N  and  long  106°45'W, 
Sandoval  County,  New  Mexico.  CM  38025  was  collected  from  a thick 
sequence  of  light  red  mudstones.  The  specimen,  however,  was  directly 
surrounded  by  poorly  consolidated,  coarse-grained,  light  gray  sedi- 
ments of  a very  small  stream  channel  lens.  Some  unidentifiable  ver- 
tebrate fragments  were  also  found  weathered-out  of  this  lens. 

Diagnosis. — A trimerorhachid  labyrinthodont  assignable  to  the  ge- 
nus Trimerorhachis  based  on  the  presence  of  large  postorbital  and 
lacrimal  that  restricted  greatly  or  eliminated  the  contribution  of  the 
jugal  to  the  orbital  margin.  The  following  features  distinguish  Trime- 
rorhachis sandovalensis  from  other  species  of  this  genus:  small,  pos- 
teriorly directed,  triangular  process  of  premaxilla  penetrates  anterior 
margin  of  nasal  just  medial  to  external  naris;  prefrontal  lacks  a distinct, 
narrow,  posterior  process  that  would  extend  along  anterior  half  of 
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medial  border  of  orbit;  prefrontal  has  very  narrow,  transverse  contact 
with  anterior  process  of  postfrontal;  intertemporal  is  diamond-shaped 
and  its  anterior  end  deeply  penetrates  posterolateral  margin  of  post- 
frontal; jugal  may  have  a small  contribution  to  orbital  margin;  quad- 
ratojugal  extends  anteriorly  only  to  about  level  of  anterior  border  of 
postparietal  and  jugal  in  turn  is  relatively  longer  posteriorly.  Lateral 
halves  of  atlantal  intercentrum  appear  fused  to  neural  arch  pedicels  to 
form  ventral  laminae  that  surround  both  neural  and  notochordal  canals 
and  meet,  or  nearly  meet,  at  ventral  midline  of  column;  atlantal  pleuro- 
centrum  is  either  absent  or  represented  only  by  a very  small,  lens- 
shaped, inclusion  along  posterior  margin  of  ventral  lamina  of  neural  arch. 
In  neural  arches  2 through  8 spines  are  well  ossified  and  exhibit  no  fore 
and  aft  grooves  that  would  mark  their  midline  union  as  lateral  halves, 
and  posterior,  as  well  as  anterior,  zygapophyses  and  transverse  pro- 
cesses are  well  developed;  anterior  dorsal  ribs  taper  smoothly  to  their 
distal  end  rather  than  expand.  Scapula  possesses  a deep,  V-shaped 
cleft  that  extends  anteriorly  from  upper  half  of  its  posterolateral  mar- 
gin. 

Etymology. — From  Sandoval  County. 

Description 

Skull  and  lower  jaw. — Case  (1935)  gave  a fairly  detailed  account  of  the  skull,  lower 
jaw,  and  much  of  the  postcranial  skeleton  of  Trimerorhachis,  probably  T.  insignis  (Ol- 
son, *1955).  The  following  description  of  the  skull  (Figs.  1-6)  is  therefore  limited  to 
features  that  distinguish  T.  sandovalensis  from  other  species  of  this  genus.  Some  dorsal 
crushing  in  the  interorbital  region  of  the  skull  has  displaced  slightly  the  frontals,  and 
inward  crushing  of  the  right  ventrolateral  margin  has  reduced  or  eliminated  the 
dorsal  exposure  of  the  roofing  bones  in  this  region.  Undistorted  the  skull  was  bluntly 
arrow-shaped  with  an  estimated  midline  length  of  about  10.0  cm  and  greatest  width  of 
approximately  10.5  cm.  Though  the  posterior  margin  of  the  skull  roof  is  incomplete,  the 
otic  notch  was  undoubtedly  shallow,  as  is  typical  of  Trimerorhachis.  The  orbit  is  sub- 
round in  outline  with  its  long  axis,  about  1.7  cm,  directed  toward  a point  midway 
between  the  nares.  The  oval  narial  opening  is  of  moderate  size,  with  a greatest  diameter 
of  about  1.0  cm,  and  faces  dorsolaterally  and  slightly  anteriorly.  Much  of  the  surface 
texture  of  the  roofing  bones  has  been  lost  due  to  weathering  and  preparation.  The 
remaining  sculpturing  consists  mainly  of  circular  pits  which  in  some  areas  become  elon- 
gated grooves  arranged  in  a radiating  pattern.  None  of  the  lateral  line  grooves  of  the 
skull  roof  can  be  detected.  A restoration  of  the  skull  roof  in  dorsal  view  is  given  in 
Fig.  5. 

Only  a small  posterolateral  portion  of  the  right  premaxilla  remains.  It  was  undoubtedly 
only  narrowly  exposed  dorsally  and  formed  the  anterior  and  ventral  borders  of  the 
external  naris.  None  of  the  premaxillary  teeth  remain.  The  nasal  exhibits  a small  but 
distinct  V-shaped  notch  on  its  anterior  margin  just  medial  to  the  naris  that  was  obviously 
occupied  by  the  premaxilla.  The  septomaxilla  lies  within  the  plane  of  the  skull  surface, 
is  sculptured,  and  forms  the  posterior  margin  of  the  naris,  excluding  the  lacrimal  and 
maxilla  from  this  opening.  It  is  roughly  crescent-shaped,  with  the  upper  half  of  the 
crescent  thinning  greatly  along  its  lacrimal  contact.  The  right  septomaxilla  has  been 
displaced  slightly  anteroventrally.  The  prefrontal  makes  only  a very  small  contribution 
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Fig.  1. — Trimerorhachis  sandovalensis,  holotype,  CM  38025:  photograph  showing  skull 
and  first  seven  vertebrae  with  ribs  in  dorsal  view  and  left  scapula  in  lateral  view. 
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to  the  anteromedial  margin  of  the  orbit.  This  is  due  in  part  to  a short,  thin  process  of 
the  lacrimal  that  projects  medially  along  the  orbital  rim.  The  postfrontal  forms  essentially 
the  medial  margin  of  the  orbit;  anteriorly  it  has  a narrow,  transverse  suture  with  the 
prefrontal.  Posterolaterally  the  postfrontal  is  penetrated  by  the  anterior  end  of  the  dia- 
mond-shaped intertemporal  bone;  a small  laterally  directed  process  of  the  postfrontal 
thus  forms  part  of  the  posterior  orbital  margin.  Neither  jugal  is  complete  and  it  cannot 
be  determined  directly  whether  it  entered  the  orbit  or  was  excluded  by  a lacrimal- 
postorbital  contact.  The  disposition  of  the  left  jugal-postorbital  suture  does  suggest, 
however,  that  the  jugal  may  have  made  a small  contribution  to  the  orbit.  The  anterior 
end  of  the  preserved  portion  of  the  jugal-postorbital  suture  swings  abruptly  anterome- 
dially  to  within  a few  millimeters  of  the  estimated  position  of  the  orbit  and  its  intersection 
with  the  orbital  rim  would  appear  to  have  been  likely.  The  quadratojugal-jugal  contact 
is  positioned  at  about  the  level  of  the  anterior  border  of  the  postparietal.  Both  maxillae 
appear  to  be  complete  and  are  only  narrowly  exposed  in  dorsal  view.  The  maxilla  has 
only  a narrow  contact  with  the  septomaxilla,  exhibits  a slight,  vertical  expansion  just 
posterior  to  the  naris,  then  tapers  steadily  posteriorly  to  a point.  The  maxillary  dentitions 
are  preserved  mainly  as  an  incomplete  series  of  impressions;  only  the  impressions  of 
the  teeth  of  the  posterior  halves  of  the  series  are  complete.  The  teeth  are  simple,  sharply 
pointed  pegs  which  increase  gradually  in  size  anteriorly,  where  they  reach  a maximum 
length  of  about  4 mm.  The  maxilla  held  approximately  45  teeth. 

The  lower  jaws  are  firmly  attached  to  the  skull,  making  it  impossible  to  expose  the 
palate  or  the  jaws  completely.  What  can  be  seen  of  the  left  side  of  the  palate  is  depicted 
diagrammatically  in  Fig.  6.  All  of  the  elements  of  the  palate  are  essentially  complete 
except  the  pterygoid.  Partial  loss  and  distortion  prevents  description  of  the  quadrate 
wing  of  the  pterygoid  and  the  region  of  the  basicranial  articulation.  The  pterygoids  and 
vomers  form  the  lateral  borders  of  a wide  interpterygoid  vacuity.  The  pterygoid  is 
covered  by  a shagreen  of  denticles  except  for  a narrow  margin  along  its  contact  with 
the  vomer  and  possibly  with  the  ectopterygoid  and  palatine.  The  ectopterygoid  and 
palatine  are  narrow  and  carry  a row  of  12  sharply  pointed  teeth;  these  are  slightly 
recurved  medially.  There  are  spaces  for  three  more  teeth.  Anteriorly  the  series  begins 
with  a socket-and-tusk  pair.  The  tusk  is  about  1 1 mm  long  and  is  much  larger  than  the 
other  tusks.  Teeth  3 through  11  increase  in  length  posteriorly  from  about  3.5  mm  to 
about  7 mm  and  the  last  four  teeth  are  equal  in  size  with  a length  of  about  4 mm.  The 
ectopterygoid  bears  the  last  five  or  six  teeth  of  the  series.  The  vomer  is  large  and 
terminates  posterolaterally  as  a V-shaped  wedge  between  the  anterior  ends  of  the  pter- 
ygoid and  palatine.  At  the  anteromedial  corner  of  the  vomer  is  an  anterior  palatal  fe- 
nestra that  accommodates  the  large  parasymphysial  tusk  of  the  lower  jaw;  the  exact 
dimensions  of  this  opening  cannot  be  determined.  The  vomer  forms  the  medial  border 
of  the  internal  naris;  the  lateral  border  of  the  internal  naris  is  not  visible  but  it  is  likely 
that  the  palatine  entered  its  posterolateral  margin.  A semicircular  notch  at  the  posterior 
end  of  the  midline  union  of  the  vomers  undoubtedly  received  the  anterior  end  of  the 


Fig.  2. — Trimerorhachis  sandovalensis,  holotype,  CM  38025,  as  seen  in  Fig.  1.  Abbre- 
viations used  in  figures  are  as  follows:  A,  angular;  APF,  anterior  palatine  fenestra;  AT, 
atlas;  AX,  axis;  BO,  basioccipital;  CL,  clavicle;  D,  dentary;  EC,  ectopterygoid;  EO, 
exoccipital;  F,  frontal;  FE,  femur;  FSGL,  supraglenoid  foramen;  IC,  intercentrum;  ICL, 
interclavicle;  IL,  ilium;  IN,  internal  naris;  IS,  ischium;  IT,  intertemporal;  J,  jugal;  L, 
lacrimal;  M,  maxilla;  N,  nasal;  P,  parietal;  PC,  pleurocentrum;  PF,  postfrontal;  PL, 
palatine;  PM,  premaxilla;  PP,  postparietal;  PRC,  precoracoid;  PRF,  prefrontal;  PRO, 
proatlas;  PS,  parasphenoid;  PSP,  postsplenial;  PT,  pterygoid;  QJ,  quadrat ojugal;  SA, 
surangular;  SC,  scapula;  SM,  septomaxilla;  SP,  splenial;  ST,  supratemporal;  T,  tabular; 
V,  vomer. 
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Fig.  3. — Trimerorhachis  sandovalensis,  holotype,  CM  38025:  photograph  showing  skull 
with  lower  jaws,  portion  of  braincase  and  pectoral  girdle  in  ventral  view. 
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Fig.  4. — Trimerorhachis  sandovalensis , holotype,  CM  38025,  as  seen  in  Fig.  3 


464 


Annals  of  Carnegie  Museum 


vol.  49 


Fig.  5.— Diagrammatic  restoration  of  skull  roof  of  Trimerorhachis  sandovalensis  in  dor- 
sal view.  Preserved  areas  represented  by  stippling. 


cultriform  process  of  the  parasphenoid.  Three  distinct  groups  of  teeth  are  found  on  the 
vomer.  A transverse,  tightly  grouped  row  of  five,  sharply  pointed  teeth,  about  3 mm  in 
length,  are  seen  just  posterior  to  the  anterior  palatal  fenestra.  Immediately  anterior  to 
the  internal  naris  is  a tusk-and-socket  pair  similar  in  size  and  form  to  that  at  the  anterior 
end  of  the  palatine.  One  needle-like  tooth  about  2 mm  in  length  and  the  bases  of  two 
more  are  positioned  along  the  anteromedial  margin  of  the  internal  naris. 

The  right  lower  jaw  is  complete  but  the  posterior  third  of  the  left  is  missing;  it  has  not 
been  possible  to  expose  either  the  dorsolateral  margin,  the  marginal  dentition,  or  the 
posteromedial  surface  in  the  region  of  the  adductor  fossa.  Features  of  the  exposed 
regions  of  the  jaws  are,  in  general,  well  preserved  and  exhibit  no  significant  differences 
from  the  description  given  by  Case  (1935).  Of  the  areas  exposed,  only  the  coronoid 
series  cannot  be  seen  in  the  accompanying  figures  and,  therefore,  requires  some  com- 
ment. The  posterior  coronoid  extends  anteriorly  to  the  level  of  the  anterior  end  of  the 
prearticular.  The  lateral  two  thirds  of  its  surface  bears  numerous  denticles  which  appear 
to  be  arranged  roughly  into  three  longitudinal  rows  that  converge  and  become  indistin- 
guishable at  the  anterior  end  of  the  bone.  The  intercoronoid  has  two  clusters  of  small 
teeth:  one  contains  about  six  teeth,  the  largest  less  than  a millimeter  in  length,  and  is 
positioned  at  its  posteromedial  border;  the  second,  about  a dozen  teeth,  ranging  in  size 
from  minute  denticles  to  almost  3 mm  in  length,  lies  at  its  middle.  Six  incomplete  teeth 
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Fig.  6.— Trimerorhachis  sandovalensis,  holotype,  CM  38025.  Diagrammatic  sketch  of 
palate. 


with  maximum  lengths  probably  about  2 mm  are  arranged  in  a longitudinal  row  on  a 
slightly  elevated  base  at  the  middle  of  the  precoronoid.  Immediately  posterior  to  these 
teeth  is  a slight  depression  in  the  precoronoid  that  probably  accommodated  the  distal 
end  of  the  large  tusk-like  tooth  that  projects  downward  from  the  anterior  end  of  the 
palatine.  Anterior  to  the  precoronoid  is  a deep,  basin  like  depression  along  the  splenial- 
dentary  suture  into  which  the  large  vomerine  tusk  from  the  anterolateral  border  of  the 
internal  naris  probably  extended.  The  splenial  makes  a small  contribution  to  the  sym- 
physis. 

A short  retroarticular  process  is  continuous  with  the  medial  surface  of  the  jaw,  but 
is  set  off  laterally  by  the  mandibular  lateral  line  groove.  There  is  no  indication  in  T. 
sandovalensis  of  an  external  or  lateral  tuberosity,  separated  medially  from  the  retroar- 
ticular process  by  the  mandibular  lateral  line  groove  that  is  developed  to  varying  degrees 
in  other  species  of  Trimerorhachis  (Olson,  1955).  The  lateral  line  system  is  almost 
completely  preserved  and  easily  traceable  on  the  right  jaw.  The  mandibular  groove 
begins  on  the  posterior  margin  of  the  jaw,  lateral  to  the  retroarticular  process,  and 
extends  the  full  length  of  the  ventromedial  margin  of  the  jaw.  A dentary  sensory  groove 
branches  off  the  mandibular  groove  below  the  articular  and  extends  anteriorly  along  the 
angular-surangular  suture;  it  can  be  followed  only  to  where  it  passes  under  the  posterior 
end  of  the  dentary.  It  is  not  possible  to  identify  the  accessory  groove,  illustrated  by 
Romer  (1947)  in  Trimerorhachis  as  branching  off  the  mandibular  groove  and  extending 
a short  distance  anteriorly  across  the  upper  surface  of  the  surangular  just  above  the 
dentary  groove. 

Disarticulation  and  poor  ossification  eliminate  the  opportunity  of  a detailed  exami- 
nation of  the  braincase.  The  well  ossified  exoccipitals,  only  slightly  disturbed,  are  iden- 
tical with  those  described  by  Case  (1935).  The  only  visible  portions  of  the  well-ossified 
basioccipital  are  a narrow  margin  along  the  posterior  border  of  the  ventral  surface  of 
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Fig.  7. — Trimerorhachis  sandovalensis,  holotype,  CM  38025.  A,  first  five  vertebrae  with 
associated  ribs  and  portion  of  braincase  in  left  lateral  view;  B,  posterior  dorsal  vertebrae 
restored  in  right  lateral  view;  C,  neural  spine  of  posteriormost  dorsal  vertebra  restored 
in  right  lateral  view;  D,  neural  spine  of  anteriormost  caudal  vertebra  restored  in  right 
lateral  view. 
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the  braincase  and  most  of  the  right  lateral  surface.  The  parasphenoid,  exposed  in  ventral 
view,  is  missing  the  cultriform  process.  The  ventral  surface  of  the  smooth  main  body 
of  the  parasphenoid  is  slightly  concave.  Posteriorly,  from  the  base  of  the  cultriform 
process,  the  parasphenoid  expands  to  form  a pair  of  broad,  lateral  wings.  Close  to  and 
paralleling  the  anterolateral  border  of  the  lateral  wing  is  a groove  (best  preserved  on  the 
right)  which  widens  and  deepens  as  it  extends  posterolaterally  to  the  edge  of  the  bone. 
The  anterolateral  margin  of  the  lateral  wing  that  is  set  off  by  this  groove,  referred  to  as 
the  articular  process  of  the  parasphenoid,  apparently  functioned  as  the  cranial  articular 
surface  in  the  mobile  joint  between  palate  and  braincase  (Chase,  1965;  Watson,  1956). 
The  posterior  margins  of  the  lateral  wings  are  strongly  concave  on  either  side  of  a short 
stem  with  a feathered  posterior  border.  The  posterior  stem  covered  most  of  the  ventral 
surface  of  the  basioccipital. 

Vertebrae  and  ribs. — The  vertebral  column  is  represented  by  three  separate  series  of 
vertebrae  that  undoubtedly  belong  to  a single  individual.  The  first  of  these  series  is  a 
string  of  eight  vertebrae  that  are  associated  with  the  skull  and  pectoral  girdle  and  in 
nearly  perfect  articulation  and  preservation.  Parts  of  most  of  the  ribs  are  represented 
and  are  closely  associated  with  their  respective  vertebrae,  some  in  nearly  proper  artic- 
ulation. The  second  series  is  an  articulated  string  of  three  incomplete  vertebrae  that  are 
probably  posterior  dorsals;  only  a few  fragments  of  ribs  are  associated  with  them.  On 
a block  containing  the  pelvic  girdle  and  the  proximal  end  of  the  right  femur  are  about 
a dozen  loosely  associated  neural  arches,  most  of  which  are  complete,  three  incomplete 
but  articulated  intercentra,  as  well  as  several  complete  and  fragmentary  ribs.  On  the 
basis  of  size  and  position  relative  to  the  pelvic  girdle  about  half  of  the  neural  arches  and 
the  incomplete  intercentra  are  believed  to  be  posterior  dorsals  and  the  remaining  neural 
arches  anterior  caudals;  no  sacral  vertebrae  can  be  distinguished  nor  can  pleurocentra 
be  clearly  identified  in  this  series. 

The  atlas-axis  complex  (Fig.  7a)  is  complete,  only  slightly  disturbed,  and  nearly  com- 
pletely exposed  except  in  right  lateral  view.  The  proatlas  is  missing  and  the  axial  pleu- 
rocentrum  is  covered  by  the  pectoral  girdle.  The  neural  arch  of  the  atlas  consists  of 
paired  halves.  The  spine  of  each  atlantal  arch  half  is  narrow  (the  left  is  narrower  possibly 
because  of  weathering  or  preparation)  and  slightly  tapered  dorsally.  In  life  it  was  prob- 
ably directed  posterodorsally  across  the  anterior  half  of  the  axial  spine,  terminating 
slightly  below  the  top  of  the  axial  spine.  The  atlantal  neural  arch  articulates  with  the 
anterior  zygapophysis  of  the  axis  by  way  of  a flange  near  the  posteromedial  edge  of  the 
spine.  Above  the  posterior  zygapophysis  the  spine  is  subcircular  in  cross  section.  The 
anterior  surface  of  the  spine  narrows  to  an  edge  as  it  extends  a short  distance  below  the 
level  of  the  posterior  zygapophysis,  then  expands  somewhat  to  form  a small  but  well 
defined  anterior  zygapophysis  for  the  proatlas.  This  flat  articular  surface  faces  antero- 
dorsally  and  projects  somewhat  outward  from  the  lateral  surface  of  the  neural  arch  as 
a thin  lip.  Below  the  level  of  the  zygapophyses  the  lateral  surface  of  the  atlas  is  greatly 
expanded  ventrally,  first  sloping  steeply  ventrolaterally,  then  gently  curving  medially  to 
nearly  reach  the  ventral  midline  of  the  column.  Because  this  structure  extends  below 
the  neural  canal  to  surround  the  notochordal  canal  laterally  and  ventrally,  it  probably 
represents  a fusion  of  the  lateral  half  of  the  intercentrum  with  the  neural  arch  pedicel; 
for  purposes  of  description  it  will  be  referred  to  simply  as  the  ventral  lamina.  The  upper 
half  of  the  lateral  surface  of  the  ventral  lamina  is  flat,  whereas  ventrally  it  is  slightly 
concave  in  horizontal  section.  The  upper  half  of  the  anterior  edge  of  the  lamina  is  hidden 
by  the  exoccipital;  the  upper  half  of  the  posterior  margin  exhibits  a deep  oval  notch  that 
probably  allowed  for  the  exit  of  the  spinal  nerve.  As  the  lamina  approaches  the  ventral 
midline  of  the  column  it  tapers  to  a bluntly  rounded  margin.  As  preserved,  the  opposing 
laminae  approach  to  within  4 mm  of  each  other  ventrally;  because  the  left  neural  arch 
has  been  displaced,  this  separation  was  probably  negligible  or  nonexistent  in  life.  A very 
small  lens-shaped  element  within  a shallow,  well  defined  concave  emargination  of  the 
posterior  border  the  ventral  lamina  may  represent  a much  reduced  pleurocentrum.  Un- 
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fortunately,  the  presence  of  this  element  on  the  opposite  side  of  the  column  cannot  be 
confirmed  without  destruction  of  other  structures.  The  proatlas  is  a small  element  lying 
immediately  anterior  to  the  left  atlantal  neural  spine.  In  lateral  view,  it  is  wedge-shaped 
with  a truncated  narrow  end.  As  preserved  its  long  axis  is  oriented  vertically  and  the 
narrow  end  ventrally.  In  life  the  narrow  end  undoubtedly  articulated  with  the  anterior 
zygapophysis  of  the  atlantal  neural  arch  and  the  long  axis  was  directed  anterodorsally. 
In  horizontal  section  the  proatlas  is  convex  laterally  and  flat  along  most  of  its  medial 
surface  except  below,  where  it  appears  to  be  moderately  excavated. 

The  axial  neural  arch  is  a single  massive  structure  with  a neural  spine  that  is  consid- 
erably larger  than  those  of  the  succeeding  vertebrae.  In  horizontal  section  the  spine 
resembles  an  isoceles  triangle  with  the  narrow  apex  directed  anteriorly.  The  summit  of 
the  spine  is  obviously  incomplete,  due  most  likely  to  weathering.  There  is  little  or  no 
buttress  support  of  the  anterior  zygapophysis  and  the  articular  surface  extends  only  a 
very  short  distance  out  from  the  lateral  surface  of  the  pedicel  as  a thin  lip.  The  lateral 
edge  of  the  lip  is  continuous  with  a ridge  that  extends  posterodorsally  across  the  lateral 
surface  of  the  spine.  The  posterior  zygapophysis,  like  those  of  the  immediately  following 
vertebrae,  is  well  developed  with  a small  buttress.  Without  change  in  length  the  pedicel 
is  confluent  with  the  well  developed  transverse  process  which  projects  laterally  and 
slightly  ventrally  without  reduction  in  width  to  about  11  mm  from  the  midline.  It  was 
not  possible  to  expose  the  ventral  surface,  the  anterior  edge  of  the  dorsal  surface,  or 
the  rib  facet  of  the  process.  It  is  clear  that  the  transverse  process  is  thickest  along  its 
smoothly  rounded  posterior  edge  and  slowly  thins  toward  its  anterior  edge,  accounting 
for  the  very  slight  anteroventral  slope  of  its  flat  upper  surface.  The  paired  elements  of 
the  axial  intercentrum  have  an  abutment  contact  along  the  ventral  midline  of  the  column. 
Although  only  the  ventral  half  of  the  right  element  is  visible,  the  left  is  nearly  entirely 
exposed.  The  left  element  has  been  displaced  so  that  its  upper  end  lies  wedged  between 
the  distal  end  of  the  axial  transverse  process  and  the  proximal  end  of  the  rib  that 
articulated  with  it.  From  the  substantial  midventral  abutment  the  left  element  curves 
dorsally,  thinning  somewhat  in  anteroposterior  width,  and  terminates  in  a bluntly  round- 
ed end.  In  end  view  the  right  and  left  halves  of  the  intercentrum  form  a thin-walled 
crescent.  The  external  surface  of  the  left  half  is  smooth  and  flat  except  at  the  dorsal 
end,  where  it  appears  slightly  concave.  The  neural  arches  of  vertebrae  3 through  8 are, 
for  the  most  part,  complete  and  well  exposed;  the  intercentra  and  pleurocentra  cannot 
be  exposed  because  of  the  closely  associated  pectoral  girdle.  A wide  gap  between  ver- 
tebrae 6 and  7 may  indicate  the  loss  of  a vertebra.  In  general  there  is  a serial  reduction 
in  the  width  of  the  neural  spines  posteriorly,  which  in  dorsal  view  (Figs.  1,  2)  exhibit 
a wide  variety  of  outlines;  spines  3 and  5 are  anteroposteriorly  oval,  spine  4 is  triangular 
like  that  of  the  axis,  spines  6 and  7 are  transversely  narrow  blades  (spine  8 is  incomplete). 
The  tops  of  all  the  spines  are  poorly  ossified  and  were  probably  capped  or  continued  a 
short  distance  in  cartilage;  none  of  the  vertebrae  has  a zone  of  reduced  ossification 
delineating  right  and  left  halves  of  the  spines.  The  zygapophyses  are  well  developed 
with  the  articular  surfaces  tilted  steeply  downward  and  inward.  The  transverse  processes 
are  well  developed,  project  directly  laterally  and  slightly  ventrally  to  about  9 mm  from 
the  midline  and  are  positioned  at  a level  just  anterior  to  the  neural  spine.  In  cross  section 
the  processes  are  roughly  teardrop-shaped  with  the  rounded  thickened  posterior  edge 
tapering  to  a thin  anterior  edge;  the  processes  gradually  shorten  in  anteroposterior  width 
in  more  posterior  vertebrae  by  retreat  of  the  anterior  edge. 

In  the  articulated  string  of  three  posterior  dorsal  vertebrae  the  intercentra  and  pleu- 
rocentra have  undergone  some  displacement  and  crushing;  a restoration  is  given  in  Fig. 
7b.  The  neural  arches  show  marked  differences  from  those  of  the  anterior  dorsal  ver- 
tebrae. They  consist  of  transversely  thin  right  and  left  halves  which  have  been  slightly 
displaced  relative  to  each  other;  it  appears  that  in  life  they  were  joined  to  form  a sharply 
keeled  edge  anteriorly,  whereas  posteriorly  they  diverged,  being  separated  by  either  a 
widening  wedge  of  cartilage  or  poorly  ossified  bone.  In  lateral  view  the  spines  are 
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smoothly  rounded  at  their  summit,  taper  to  a narrow  waist  at  their  base,  and  are  inclined 
slightly  posteriorly;  their  lateral  surfaces  are  very  slightly  concave.  The  anterior  zyg- 
apophyses  are  well  developed,  extend  out  from  the  lateral  surface  of  the  neural  arch, 
and  the  articular  facet  slopes  moderately  inward  and  downward.  Posteriorly  the  lateral 
edge  of  the  anterior  zygapophysis  continues  as  a prominent  ridge  that  turns  abruptly 
dorsally  and  extends  for  a short  distance  before  joining  the  upper  portion  of  the  anterior 
edge  of  the  spine.  The  posterior  zygapophysis  is  weakly  developed  and  cannot  be  de- 
lineated in  lateral  view.  It  is  apparently  immediately  above  the  emargination  that  forms 
the  anterior  margin  of  the  intervertebral  notch.  The  transverse  process  is  not  distinct. 
The  flat,  lateral  surface  of  the  pedicel  is  continued  smoothly  ventrally  and  slightly  an- 
terolaterally,  narrowing  somewhat  in  width.  Distally  it  ends  in  a longitudinal  oval  rib 
facet.  In  end  view  the  intercentra  are  very  thin-walled  half  rings,  opening  dorsally. 
Ventrally  they  are  wide  anteroposteriorly  and  in  most  the  lateral  ascending  processes 
taper  to  a point  dorsally,  giving  the  intercentra  a wedge-shaped  appearance  in  lateral 
view.  The  anterior  and  posterior  borders  of  most  of  the  ascending  processes  are  straight; 
there  are  two  exceptions,  however.  In  the  three  consecutive  intercentra  the  anterior 
borders  of  the  left  ascending  processes  are  concave.  The  posterior  borders  of  two  con- 
secutive right  lateral  ascending  processes  have  a fairly  deep,  vertical  notch  that  creates 
a secondary  posterior  process  that  is  much  lower  and  somewhat  narrower  than  the 
primary  process;  the  notch  probably  marks  the  point  of  articulation  of  the  rib  capitulum. 
The  outer  surfaces  of  the  intercentra  are  slightly  concave.  Randomly  scattered  pits  on 
their  outer  surface  may  indicate  incomplete  ossification.  Only  one  of  the  pleurocentra, 
a right,  is  completely  exposed  laterally.  It  is  lozenge-shaped  with  a height  about  four 
times  its  length.  The  height  of  the  pleurocentrum  is  about  equal  to  that  of  the  adjacent 
intercentra,  but  it  undoubtedly  occupied  a more  dorsal  position  in  the  column.  The 
pleurocentrum  exhibits  little  or  no  curvature  around  the  notochordal  canal  and  its  lateral 
surface  is  only  very  slightly  concave.  Surface  sculpturing  is  limited  to  a few  scattered 
pits.  No  facet  for  the  rib  articulation  can  be  recognized. 

The  five  or  six  posterior  dorsal  neural  arches  (Fig.  7c)  associated  with  the  pelvic  girdle 
exhibit  a number  of  differences  from  the  other  dorsal  neural  arches.  The  neural  arches 
are  not  separated  into  lateral  halves  and  their  flat  lateral  surfaces  meet  in  a sharp  anterior 
edge.  A narrow  triangular  space  between  the  periosteal  bone  layers  of  the  spines  was 
probably  occupied  by  cartilage.  In  lateral  view  the  spines  are  narrower  toward  their 
base,  terminate  dorsally  in  a plane  that  slopes  somewhat  posteroventrally,  and  are  in- 
clined backward.  The  anterior  zygapophyses  are  weakly  developed  and  do  not  project 
noticeably  out  from  the  lateral  surface  of  the  neural  arch.  The  posterior  zygapophyses 
are  not  discernable  and  probably  occupied  the  same  apparent  position  as  those  of  the 
other  posterior  dorsals.  The  lateral  surfaces  of  the  pedicels  are  flat,  and  narrow  some- 
what ventrally.  The  distal  and  anterior  edges  of  the  pedicel  are  thin  and  not  well  defined; 
the  portion  that  forms  the  posterior  border  of  the  intervertebral  notch  below  the  anterior 
zygapophysis  is  well  ossified.  The  bases  of  the  three  consecutive  intercentra  are  closely 
associated  with  the  posteriormost  dorsal  neural  arches;  they  are  identical  to  those  of 
the  probable  posterior  dorsals.  The  halves  of  the  anterior  caudal  neural  arches  (Fig.  7d) 
are  weakly  joined  in  the  sagittal  plane  and  are  displaced  slightly  along  their  midsagittal 
union.  These  neural  arches  are  comparable  to  those  of  the  posteriormost  dorsal  verte- 
brae. In  lateral  view  the  neural  spines  are,  however,  rounded  at  their  summit  and  deeply 
waisted  at  their  base;  the  latter  feature  becomes  more  pronounced  posteriorly  in  the 
series.  The  pedicels  are  less  developed  than  in  the  presacral  vertebrae,  terminating  in 
a smoothly  convex  margin  at  the  intervertebral  notch. 

Ribs  are  closely  associated  with  vertebrae  2 through  6;  the  atlas  lacks  a rib.  Some  of 
the  ribs  are  complete,  but  in  most  the  shafts  are  incomplete.  It  has  not  been  possible  to 
expose  fully  any  of  the  ribs.  The  axial  rib  (25  mm  long)  is  distinct  from  the  successive 
dorsal  ribs;  it  is  strongly  curved  posteriorly  with  most  of  the  curvature  occurring  at  its 
midlength.  The  rib  is  vertically  oval  in  cross  section.  In  greatest  diameter  it  tapers 


470 


Annals  of  Carnegie  Museum 


vol.  49 


smoothly  from  3 mm  at  its  proximal  end  to  about  1 mm  at  midlength.  The  shaft  of  the 
rib  with  the  third  vertebrae  is  26  mm  long,  is  oval  in  cross  section,  and  is  gently  curved 
posteriorly.  The  proximal  end  is  greatly  expanded  vertically,  forming  a triangular  head 
that  tapers  distally  from  about  1 cm  to  about  3 mm  in  a distance  of  1 cm.  There  is  no 
constriction  of  the  head  into  separate  capitulum  and  tuberculum  portions.  All  of  the  ribs 
associated  with  the  anterior  vertebrae  appear  to  taper  distally.  There  are  four  ribs  as- 
sociated with  the  posteriormost  dorsal  vertebrae,  but  only  two  are  well  enough  preserved 
or  exposed  to  allow  comment.  One  is  1.5  cm  long  and  is  moderately  curved,  the  convex 
margin  probably  representing  the  lateral  or  anterior  surface  of  the  rib.  The  shaft  appears 
to  be  oval  in  cross  section,  at  least  along  its  proximal  half,  with  its  greatest  diameter 
between  the  concave  and  convex  margins.  In  this  dimension  the  rib  tapers  smoothly 
distally  from  4 mm  at  its  proximal  end  to  1.6  mm  in  a distance  of  5 mm,  then  slowly 
expands  again  to  2 mm  at  about  two  thirds  its  length  before  again  tapering  to  a distal 
point.  The  proximal  3 mm  or  so  of  the  rib  exhibits  a noticeable  dorsoventral  thickening 
of  its  concave  margin  to  accommodate  an  expanded  articular  facet  that  is  teardrop- 
shaped in  outline  with  the  apex  formed  by  the  convex  margin  of  the  rib.  The  second  rib 
found  with  this  series  of  vertebrae  is  poorly  preserved  and  only  its  outline  can  be  seen. 
It  is  greatly  curved,  measures  2.5  cm  in  length  and  3 mm  across  the  proximal  end,  and 
tapers  gradually  to  its  pointed  distal  end.  The  head  is  badly  fractured.  This  rib  could 
also  belong  to  one  of  the  anterior  caudal  vertebrae. 

Appendicular  elements.— The  preserved  portions  of  the  shoulder  girdle  include  the 
clavicles,  interclavicle,  left  scapula,  and  what  is  tentatively  identified  as  an  unpaired, 
median  precoracoid.  The  clavicles  and  interclavicle  (Figs.  3,  4)  are  exposed  externally 
and  are  firmly  articulated.  The  interclavicle  is  incomplete  posteriorly,  but  what  remains 
does  not  differ  noticeably  from  that  of  other  T rimer  orhachis  species.  The  exposed  sur- 
face is  in  general  diamond-shaped;  the  area  of  the  interclavicle  formed  by  the  anterior 
angle  far  exceeds  that  of  the  posterior  angle.  Anteriorly  the  interclavicle  does  not  quite 
extend  to  the  level  of  the  anterior  edges  of  the  clavicles.  Posteriorly,  it  extends  a short 
distance  beyond  the  posterior  borders  of  the  clavicles.  Surface  sculpturing  consists 
mainly  of  ridges  and  grooves  that  radiate  from  an  area  on  the  midline  about  one  third 
the  length  of  the  bone  from  its  posterior  end.  The  clavicles  have  the  usual  form.  They 
consist  of  a broad  triangular,  horizontal  plate  in  ventral  view;  the  anterolateral  margin 
becomes  increasingly  curved  dorsally  toward  the  nearly  transverse  posterior  border  of 
the  clavicle,  where  the  posterolateral  corner  is  directed  at  nearly  a right  angle  to  the 
rest  of  the  bone.  The  entire  external  surface  is  ornamented  by  ridges  and  grooves, 
occasionally  anastomosing,  that  radiate  from  a center  near  the  posterolateral  corner. 
There  is  no  distinct  ascending  process  at  the  posterolateral  corner  of  the  clavicle. 

The  left  scapula  is  exposed  in  lateral  view  (Figs.  1,  2).  The  posterior  margin  is  deeply 
concave  and  from  this  border  the  scapula  is  greatly  expanded  anteriorly  as  a roughly 
semicircular  plate.  Along  the  upper  half  of  the  posterior  margin  is  a deep,  V-shaped 
cleft  which  extends  to  the  dorsal  edge  of  the  bone.  In  horizontal  section  the  walls  of  the 
cleft,  which  are  of  smoothly  finished  bone,  converge  anteriorly.  All  but  a small  ventral 
portion  of  the  posterior  edge  of  the  inner  wall  of  the  cleft  forms  nearly  the  entire  upper 
half  of  the  posterior  margin  of  the  scapula.  This  portion  of  the  concave  posterior  margin 
of  the  scapula  is  extremely  thin;  ventrally,  however,  it  widens  steadily  and  substantially 
and  has  a very  slightly  convex  surface.  There  is  no  indication  that  the  thickened,  pos- 
teroventral  corner  of  the  scapula  contributed  to  the  glenoid  fossa.  The  lower  third  of 
the  scapula  is  pierced  by  a large  oval  supraglenoid  foramen. 

Ventral  view  of  the  shoulder  girdle  shows  a large,  for  the  most  part  flat,  unpaired, 
median  element,  composed  mainly  of  a mosaic  of  narrowly  separated,  irregular  plates 
of  bone,  that  contacts  most  of  the  anterolateral  margins  of  the  clavicles  and  the  anterior 
end  of  the  interclavicle;  it  is  tentatively  identified  here  as  a precoracoid.  Although  a 
large  portion  of  its  right  posterolateral  region  is  missing,  the  bone  was  obviously  bilat- 
erally symmetrical.  The  anterior  border  is  strongly  convex  and  from  a greatest  length 
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Fig.  8. — Trimerorhachis  sandovalensis,  holotype,  CM  38025.  Ischia  (left  above)  in  ex- 
ternal view,  left  ilium  in  lateral  view  and  proximal  portion  of  right  femur  in  dorsolateral 
view.  Shown  as  preserved  on  a small  block  but  without  associated  dorsal  and  caudal 
vertebrae  and  ribs. 


along  the  midline  it  narrows  to  form  right  and  left,  posterodorsally  and  slightly  laterally 
directed,  pointed,  wing-like  structures.  These  extend  along  the  anterolateral  margins  of 
the  clavicles  to  within  about  1.5  cm  of  their  posterolateral  corners.  A short,  roughly 
triangular  process  projects  posteriorly  between  the  anteromedial  corners  of  the  paired 
clavicles  to  contact  the  anterior  end  of  the  interclavicle.  The  right  clavicle  has  been 
displaced  slightly  medially  and  posteriorly  relative  to  the  rest  of  the  dermal  shoulder 
girdle  and  reveals  along  its  anterior  margin  a shallow,  step-like  continuation  of  the 
precoracoid  posteriorly  onto  the  dorsal  surface  of  the  clavicle.  The  posterior  extent  of 
the  ossified  precoracoid  on  the  dorsal  surfaces  of  the  clavicles  and  the  interclavicle 
cannot  be  determined  without  destruction  of  other  elements. 

The  ischia  and  ilia  (Fig.  8)  are  preserved;  the  pubes  were  apparently  cartilaginous  and 
as  in  other  Trimerorhachis  species  were  not  preserved.  Both  ischia  are  exposed  showing 
their  ventrolateral  or  external  surfaces;  it  is  assumed  that  in  life  the  wide,  plate-like 
ischia  sloped  ventromedially  towards  their  symphysis.  The  superior  border  is  slightly 
concave;  from  this  margin  the  ischium  is  expanded  ventromedially  as  a somewhat  elon- 
gated, semicircular  plate.  The  edge  of  the  superior  border  is  rounded  in  finished  bone. 
Only  the  anterior  portions  of  the  convex  margins  of  the  ischia  are  exposed;  they  are 
roughly  finished,  indicating  a continuation  in  cartilage,  as  is  probably  the  case  for  the 
entire  convex  margin.  The  inferior  and  superior  edges  thicken  toward  their  anterior 
junction  with  each  other;  the  remaining  edge  of  the  bone  appears  to  be  very  thin.  The 
external  surface  of  the  ischium  is  slightly  concave.  The  ossified  portion  of  the  ischium 
did  not  participate  in  the  acetabulum.  Both  ilia  are  exposed  in  lateral  view,  but  only  the 
left  is  seen  in  Fig.  8.  The  triangular  acetabular  base  of  the  ilium  is  continued  dorsally 
in  a blade  that  expands  smoothly  anteroposteriorly.  The  dorsal  edge  of  the  blade  is 
rough  and  slightly  concave,  indicating  a cartilaginous  cap  or  extension.  The  lateral 
surface  of  the  acetabular  base  is  slightly  concave,  as  is  the  central  area  of  its  ventral 
margin.  The  unfinished  articular  surface  of  the  acetabulum  is  semicircular  in  outline;  its 
convex  dorsal  margin  projects  slightly  outward  from  the  lateral  surface  of  the  bone. 

Of  the  limb  elements,  only  the  proximal  half  (about  2 cm)  of  the  right  femur  is  pre- 
served; it  is  closely  associated  with  the  right  ischium  (Fig.  8)  and  is  exposed  in  antero- 
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dorsal  view.  From  an  anteroposterior  proximal  width  of  1.2  cm  the  head  narrows  in  a 
distance  of  1.5  cm  to  a subcylindrical  shaft  about  4 mm  in  diameter.  The  proximal 
articular  surface  is  rough  and  slightly  concave. 

Comparison 

In  1955,  Olson  published  a revision  of  Trimerorhachis  in  which  the 
number  of  previously  named  species  was  reduced  from  six  to  two — T. 
insignis  and  T.  me  sops — and  a new  species,  T.  rogersi,  was  recog- 
nized. These  three  species  essentially  follow  one  another  in  time  and 
exhibit  a stratigraphic  range  that  is  without  major  break  from  near  the 
base  of  the  Wichita  Group  up  through  the  Clear  Fork  Group,  the  low- 
ermost two  groups  of  the  Lower  Permian  section  of  north-central  Tex- 
as. Trimerorhachis  insignis  is  also  common  in  beds  of  equivalent  age 
in  Oklahoma  (Olson,  1967).  As  pointed  out  by  Olson  (1955:272),  prob- 
ably the  most  obvious  feature  of  the  history  of  Trimerorhachis  is  its 
“persistence  of  morphology  over  a rather  long  period  of  time  in  which 
there  were  marked  changes  in  both  the  physical  and  biological  envi- 
ronment.” Olson  (1955)  relied  primarily  on  skull  proportions  in  his 
revision  of  the  genus,  rejecting  previously  used  characters  of  the  lower 
jaw  and  vertebrae,  as  well  as  some  proportions  of  the  skull.  In  his 
revised  diagnoses  all  of  the  characters  of  the  skull  used  are  given  as 
relative  differences  in  proportions  between  species  and  not  as  absolute 
numerical  values.  This  prevents  direct  comparisons  between  the  New 
Mexico  species  and  those  of  the  Midcontinent.  Fortunately,  however, 
the  skull  and  postcranial  skeleton  of  T.  sandovalensis  exhibit  a num- 
ber of  features  that  set  it  widely  apart  from  the  others,  which  show 
strong  conformity  in  structure.  Before  describing  these  differences  it 
is  necessary  to  eliminate  a potential  source  of  confusion  that  might 
arise  from  Olson’s  (1955)  diagrammatic  representation  of  the  skull  of 
Trimerorhachis  and  illustrations  of  the  skull  of  T.  rogersi.  Olson  il- 
lustrated two  skulls  in  which  the  sutures  are  indicated,  the  type 
(FMNH-UR  138;  Fig.  100D,  p.  264)  and  a referred  specimen  (FMNH- 
UR  76;  Fig.  101B,  p.  265).  Only  a few  of  the  sutures  of  the  posterior 
region  of  the  type  skull  are  shown  and  these  do  not  appear  to  differ 
from  the  pattern  expected  in  Trimerorhachis.  The  sutural  pattern 
shown  on  the  nearly  complete,  well  preserved  skull  of  the  referred 
specimen  is,  however,  different  from  that  described  by  any  other  au- 
thor for  this  genus.  The  most  striking  examples  of  its  departure  from 
the  usual  Trimerorhachis  sutural  pattern  include:  1)  intertemporal  ab- 
sent and  its  usual  position  occupied  by  a lateral  lappet  of  the  parietal; 
2)  frontal  forms  much  of  the  medial  orbital  margin,  separating  the 
prefrontal  and  postfrontal  from  contact;  3)  jugal  forms  most  of  the 
ventral  orbital  margin,  greatly  reducing  the  contribution  of  the  lacrimal 
to  the  orbit.  These  and  other  less  obvious  differences  of  T.  rogersi 
from  the  familiar  sutural  pattern  of  the  genus  are  also  seen  in  Olson’s 
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diagrammatic  illustration  of  the  skull  of  Trimerorhachis  (Fig.  91,  p. 
235)  in  which  he  indicates  the  various  measurements  used  in  his  study. 
Olson  did  not  comment  on  these  significant  differences.  Examination 
of  specimens  FMNH-UR  138  and  FMNH-UR  76  shows  that  their  su- 
tural patterns  are  essentially  the  same  as  that  of  the  well  known  T. 
insignis  (Case,  1935)  with  one  possible  exception.  In  the  smaller  skull 
FMNH-UR  76,  measuring  44  mm  in  midline  length,  the  intertemporal 
bone  is  much  smaller  than  usual  in  larger  specimens;  the  larger,  type 
skull  FMNH-UR  138,  about  115  mm  in  midline  length,  the  intertem- 
poral (not  shown  in  Olson’s  figure)  is  of  expected  size.  This  relative 
size  difference  might  reasonably  be  explained  as  the  result  of  the 
onset  of  regional  growth  acceleration  at  a later  stage  of  development. 
Because  there  appears  to  be  no  marked  differences  between  the  mid- 
continental species  of  Trimerorhachis,  other  than  the  proportional  dif- 
ferences noted  by  Olson  (1955),  the  well  described  T.  insignis  (Case, 
1935)  provides  much  of  the  basis  for  distinguishing  T.  sandovalensis. 

In  T.  sandovalensis  the  small,  posteriorly  directed,  triangular  pro- 
cess of  the  premaxilla  that  penetrates  the  anterior  margin  of  the  nasal 
just  medial  to  the  narial  opening  is  not  seen  in  any  figured  specimen 
of  the  three  midcontinental  species.  In  contrast  to  T.  insignis  and  T. 
rogersi  (T.  mesops  is  very  inadequately  known)  the  prefrontal  of  T. 
sandovalensis  does  not  possess  a distinct,  narrow,  posterior  process 
that  forms  a substantial  portion  of  the  medial  rim  of  the  orbit.  In  ad- 
dition, the  prefrontal-postfrontal  contact  in  T.  sandovalensis  is  a very 
narrow,  transverse  suture,  whereas  in  at  least  T.  insignis  the  prefrontal 
forms  a more  extensive,  oblique  contact  with  the  anteromedial  edge 
of  the  anterior  process  of  the  postfrontal.  In  the  midcontinental  species 
the  intertemporal  is  a roughly  pentagonal  bone  that  does  not  extend 
anteriorly  as  a wedge  into  the  postfrontal;  in  T.  sandovalensis,  how- 
ever, the  intertemporal  is  diamond-shaped  and  its  anterior  end  extends 
as  a wedge  into  posterolateral  margin  of  the  postfrontal.  Septomaxil- 
lae,  which  are  clearly  seen  in  the  New  Mexico  form,  have  not  been 
identified  in  any  of  the  midcontinental  forms  except  possibly  in  one 
instance.  Huene  (1913)  identified  what  he  believed  to  be  a septomaxilla 
in  the  type  of  T.  mesops  (AMNH  4568).  It  was  shown  as  a roughly 
triangular  bone  with  a broad  contact  with  the  posterior  border  of  the 
naris  and  an  anteriorly  directed  apex.  This  element  is  quite  different 
in  outline  from  the  septomaxilla  seen  in  T.  sandovalensis,  raising  some 
doubt  about  Huene’ s identification.  Case  (1935)  was  not  able  to  iden- 
tify a septomaxilla  in  any  of  the  well  preserved  specimens  of  T.  insignis 
he  examined.  One  of  the  diagnostic  features  of  Trimerorhachis  is  the 
exclusion  of  the  jugal  from  the  orbit  by  the  contact  of  the  lacrimal  and 
postorbital.  As  already  shown,  there  is  some  reason  to  suspect  that  in 
the  New  Mexico  species  the  jugal  may  have  had  a small  entrance  into 
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the  orbital  rim.  In  T.  sandovalensis  the  quadratojugal  is  rather  short 
in  anteroposterior  length,  extending  only  to  the  level  of  the  anterior 
border  of  the  postparietal,  and  consequently  the  jugal  is  long.  A similar 
pattern  is  seen  in  early  sketchy  descriptions  of  T.  insignis  by  Broom 
(1913: Fig.  10),  Case  (191 1 : Fig . 36),  and  Williston  ( 19 14: Fig.  2; 
1915:Fig.  1).  In  Case’s  (1935)  thorough  description  of  an  excellent 
series  of  skulls  of  this  species  the  quadratojugal  has  an  anterior  extent 
equal  to  those  of  the  squamosal  and  supratemporal  bones,  reaching 
nearly  to  the  level  of  the  pineal  foramen,  and  the  jugal  is  correspond- 
ingly shorter. 

The  presacral  vertebrae  of  T.  sandovalensis  exhibit  some  obvious 
differences  from  those  of  the  midcontinental  species.  The  structure  of 
the  atlas  is  different  not  only  from  that  described  for  this  genus,  but 
other  rhachitomous  amphibians  in  which  it  is  known.  The  atlas-axis 
complex  in  the  type  of  T.  insignis  (AMNH  4565)  is  well  preserved, 
exhibits  the  expected  complement  of  elements,  except  the  proatlas, 
and  possesses  no  unusual  features  (Case,  1911).  In  T.  sandovalensis 
the  atlas  consists  only  of  a pair  of  large  neural  arch  halves  with  as- 
sociated proatlases  and  possibly  a pair  of  much  reduced  pleurocentra; 
there  is  no  discrete  intercentrum.  The  pedicels  of  the  atlantal  neural 
arches  are  unusual  in  extending  to,  or  very  nearly  to,  the  ventral  mid- 
line of  the  column  as  broad  laminae  that  enclose  both  the  neural  and 
notochordal  passages.  In  T.  insignis  the  pedicels  enclose  only  the  neur- 
al canal.  It  is  suspected  that  in  T.  sandovalensis  the  pedicel  of  each 
neural  arch  half  has  fused  with  the  lateral  half  of  the  intercentrum  to 
form  a much  enlarged  structure,  referred  to  here  as  the  ventral  lamina. 
The  possibility  of  such  a combination  is  made  plausible  because  the 
axial  intercentrum  of  T.  sandovalensis  is  divided  into  lateral  halves 
and  Case  (1911)  has  also  noted  a midline  division  of  the  first  three 
intercentra  in  a specimen  of  T.  insignis.  In  the  New  Mexico  species 
it  also  appears  that  the  atlantal  pleurocentrum  has  either  been  lost  or 
greatly  reduced  developmentally;  it  may  be  represented  by  the  small 
inclusion  noted  along  the  posterior  margin  of  the  ventral  lamina  of  the 
atlantal  neural  arch.  Posteriorly  from  the  atlas  the  vertebrae  of  Tri- 
merorhachis show  little  regional  variation  (Case,  1935).  The  only  post- 
atlantal  vertebrae  of  T.  sandovalensis  that  show  strong  deviations  from 
the  basic  Trimerorhachis  pattern  are  vertebrae  2 through  8.  In  contrast 
to  the  condition  in  the  midcontinental  species,  the  neural  arch  halves 
of  these  vertebrae  in  the  New  Mexico  species  are  firmly  co-ossified 
and  there  are  no  grooves  on  the  anterior  and  posterior  surfaces  of  the 
spines  to  mark  their  midline  union.  In  T.  sandovalensis  both  the  pos- 
terior and  anterior  zygapophyses  of  vertebrae  2 through  8 are  well 
developed  and,  therefore,  differ  from  the  typical  Trimerorhachis  con- 
dition in  which,  as  noted  by  Case  (1935),  there  are  well  developed 
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anterior  zygapophyses,  but  the  posterior  zygapophyses  are  no  more 
than  a suggested  area  of  articulation  at  the  base  of  the  posterior  margin 
of  the  neural  spine.  In  addition,  vertebrae  2 through  8 of  T.  sandov- 
alensis  possess  well  developed  transverse  processes,  whereas  the  en- 
tire vertebral  column  of  the  midcontinental  forms  is  characterized  by 
the  lack  of  discrete  transverse  processes;  it  is  presumed  that  the  rib 
tuberculum  of  the  midcontinental  species  articulated  with  the  ventro- 
lateral margin  of  the  neural  arch  pedicel.  Williston  (1916)  and  Case 
(1935)  indicated  that  the  shafts  of  the  anterior  dorsal  ribs  of  Trimero- 
rhachis widen  distally;  in  contrast  to  this  condition  the  corresponding 
ribs  of  T.  sandovalensis  appear  to  taper  smoothly  to  their  distal  end. 

The  deep,  V-shaped  cleft  that  extends  anteriorly  into  the  scapula 
from  the  upper  half  of  its  posterolateral  margin  is  a feature  not  noted 
in  any  other  amphibian  as  far  as  we  are  aware.  An  ossified  precoracoid, 
or  an  anterior  ossification  of  the  coracoid  of  any  kind,  has  also  not 
been  reported  in  any  fossil  amphibian  to  our  knowledge,  although  it 
was  undoubtedly  present  in  most,  if  not  all,  forms  as  a cartilaginous 
structure.  Paired,  cartilaginous,  anteromedian  precoracoids  are  pres- 
ent in  living  amphibians  and  reptiles,  and  Miner  (1925)  has  given  con- 
vincing evidence  for  restoring  them  in  the  shoulder  girdle  of  Eryops. 

Discussion 

The  limited  outcrops  of  Abo  Formation  in  the  vicinity  of  Jemez 
Springs  first  attracted  attention  in  the  1930’s.  Initial  collections  were 
made  by  A.  S.  Romer  in  1931,  and  in  1938  a University  of  California, 
Berkeley,  party  made  further  collections  in  the  area  (Langston,  1953; 
Romer,  1960).  As  a result  of  these  collecting  trips  Romer  (1937)  de- 
scribed a new  species  of  the  pelycosaurian  reptile  Sphenacodon — S. 
ferocior — based  on  skull  and  anterior  vertebrae,  and  Langston  (1952) 
described  a short  string  of  vertebrae  with  ribs  of  an  embolomerous 
amphibian,  the  first  record  for  the  state,  that  may  be  assignable  to 
Archeria.  Both  species,  as  well  as  the  remains  of  a large  diadectid 
amphibian,  probably  Diadectes,  were  collected  at  the  abandoned 
Spanish  Queen  mine  locality.  Further,  about  100  m north  of  this  site 
vertebrae  of  a rhachitomous  amphibian,  probably  Eryops,  an  embo- 
lomerous vertebra,  and  various  skeletal  elements  of  small  diadectids 
and  sphenacodonts  were  collected  from  a small  bone  bed,  the  Johnson 
locality  (Langston,  1953).  In  the  1970’s  Berman  made  several  collect- 
ing trips  to  the  Jemez  Springs  area.  Although  collections  were  made 
throughout  the  extent  of  the  Jemez  Springs  Abo  exposures,  the  only 
significant  find  described  was  the  partial  skeleton  of  the  pelycosaurian 
reptile  Dimetrodon,  which  was  made  the  basis  of  a new  species,  D. 
occidentalis  (Berman,  1977).  In  addition  to  Trimerorhachis  sandova- 
lensis, other  faunal  elements  from  the  Abo  beds  of  Jemez  Springs  can 
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be  reported  here  for  the  first  time:  the  freshwater  shark  Xenacanthus 
(a  tooth,  CM  38026),  the  lungfish  Gnathorhiza  (tooth  plates,  YPM  8636 
and  YPM  8637),  and  the  amphibians  Platyhystrix  (neural  spine  frag- 
ments, CM  32029)  and  Diplocaulus  (a  vertebra,  CM  38028).  On  the 
basis  of  these  recent  finds,  it  can  now  be  stated  that  the  faunal  assem- 
blage from  the  Jemez  Springs  area  is  typical  for  the  Abo  Formation 
throughout  its  wide  extent  in  New  Mexico  (Olson  and  Vaughn,  1970). 
The  one  taxon  of  the  Abo  fauna  known  only  from  the  Jemez  Springs 
area,  an  embolomerous  amphibian  (Langston,  1952,  1953),  can  now  be 
reported  from  a second  Abo  site  farther  south  in  the  state.  Numerous 
embolomerous  vertebrae  (CM  38031),  most  of  which  are  articulated  in 
short  strings  of  two  or  three  obviously  belonging  to  a single  individual, 
were  collected  from  a probable  pond  deposit  in  the  Abo  exposures 
along  the  eastern  margin  of  Sierra  Lucero,  Valencia  County,  southeast 
of  Albuquerque. 

Recent  studies  of  the  Lower  Permian  localities  of  New  Mexico  have 
shown  that  there  are  significant  differences  between  the  faunas  of  the 
Abo  Formation  exposed  at  Jemez  Springs  and  those  of  the  Cutler 
Formation  exposed  only  about  45  km  to  the  north  near  Arroyo  de 
Agua  and  about  60  km  to  the  northeast  in  El  Cobre  Canyon.  The 
Arroyo  de  Agua  area  has  been  intensively  prospected  and  the  verte- 
brate collections  it  has  yielded  are  unequaled  elsewhere  in  New  Mex- 
ico. Excellent  summary  discussions  of  the  Early  Permian  vertebrate 
faunas  of  this  region,  as  well  as  those  from  other  regions  of  the  state, 
are  given  by  Langston  (1953)  and  Romer  (1960).  In  addition,  the  former 
includes  a detailed  account  of  the  amphibians  of  New  Mexico  known 
at  that  time.  Although  all  three  areas  contain  many  elements  in  com- 
mon, there  are  several  notable  examples  of  animals  known  from  Jemez 
Springs,  and  for  that  matter  the  Abo  beds  of  the  entire  state,  that  are 
absent  from  the  Arroyo  de  Agua  and  El  Cobre  Canyon  areas.  These 
include  the  lungfish  Gnathorhiza,  the  amphibians  Diplocaulus,  Tri- 
merorhachis,  and  an  embolomere  that  may  be  referable  to  Archeria, 
and  the  reptile  Dimetrodon.  Numerous  genera  are  present  at  Arroyo 
de  Agua  but  not  at  Jemez  Springs,  or  any  other  Abo  area— the  am- 
phibians Pantylus,  Zatrachys , Chenoprosopus,  Ecolsonia  (Langston, 
1953;  Vaughn,  1969c),  and  Tseajaia  (here  reported  for  the  first  time 
from  New  Mexico  on  the  basis  of  a nearly  complete  skeleton,  CM 
38033),  the  cotylosaur  Limnosceloides  (Langston,  1966),  and  the  rep- 
tiles Aerosaurus  and  Oe  dale  ops  (Langston,  1965).  Tseajaia  is  other- 
wise known  only  from  the  Lower  Permian  Organ  Rock  Shale,  Cutler 
Group,  of  southeastern  Utah  (Vaughn,  1964 a\  Moss,  1972).  Although 
the  El  Cobre  Canyon  fauna  is  less  diverse  (that  is,  less  well  known) 
than  that  of  Arroyo  de  Agua,  both  are,  with  some  exceptions,  similar 
(Vaughn,  1963).  To  date,  five  genera,  Chamasaurus,  Limnoscelis, 
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Diasparactus,  Baldwinonus , and  Nitosaurus  have  been  named  that  are 
only  found  in  El  Cobre  Canyon.  Limnoscelis  paludis  and  Diasparactus 
zenos,  however,  have  close  counterparts  in  the  cotylosaurs  Limnos- 
celoides  brachycoles  and  Diadectes  lentus  of  Arroyo  de  Agua.  The 
pelycosaurian  reptiles  Baldwinonus  and  Nitosaurus  and  the  primitive 
reptile  Chamasaurus  are  known  from  very  fragmentary  specimens  and 
their  determinations  have  to  be  considered  questionable  until  better 
specimens  are  found. 

No  clear  explanation  can  be  offered  to  explain  the  differences  be- 
tween the  faunal  assemblages  of  the  Jemez  Springs,  Arroyo  de  Agua, 
and  El  Cobre  Canyon  areas.  The  red-bed  deposits  of  all  three  areas, 
though  not  continuous  in  outcrop,  were  undoubtedly  derived  from  the 
same  source,  the  Uncompahgre  highland  to  the  north  and  northeast, 
and  their  fossiliferous  levels  are  essentially  equivalent  in  age,  middle 
to  late  Wolfcampian  (earliest  Permian)  age  (Langston,  1953;  Romer, 
1960),  though  this  age  assignment  is  far  less  certain  for  El  Cobre  Can- 
yon (Vaughn,  1963).  Formational  distinction  between  the  Abo  and 
Cutler  beds  in  northwestern  New  Mexico  was  made  by  Northrop  and 
Wood  (1946)  on  the  basis  that  the  Abo  intertongues  with  the  overlying 
Yeso  Formation  of  Lower  Permian  age,  whereas  the  Yeso  is  not  dis- 
tinguishable from  the  Cutler.  They  have  drawn,  somewhat  arbitrarily, 
the  boundary  between  the  Abo  to  the  south  and  Cutler  to  the  north  at 
36°N  latitude.  No  major  barriers,  such  as  a mountain  chain,  can  be 
invoked  to  explain  the  marked  faunal  differences  between  the  spatially 
close  faunas  of  Jemez  Springs  and  Arroyo  de  Agua.  Differences  in  the 
Early  Permian  depositional  environments  of  Jemez  Springs,  Arroyo  de 
Agua,  and  El  Cobre  Canyon  areas  are  suggested  by  subtle  differences 
in  their  sediments.  The  Lower  Permian  sections  of  Jemez  Springs  and 
Arroyo  de  Agua  are  dominated  by  bright  red  and  chocolate-brown 
sediments.  The  majority  of  vertebrate  fossils  at  Arroyo  de  Agua  are, 
however,  closely  associated  with  extensive  pond  or  lake  deposits  that 
are  characterized  by  thick  sequences  of  variegated  mudstones  (Langs- 
ton, 1953),  whereas  at  Jemez  Springs  pond  or  lake  deposits  of  the  kind 
found  at  Arroyo  de  Agua  are  absent  and  fossils  are  most  often  asso- 
ciated with  stream-channel  deposits.  Vertebrates  from  El  Cobre  Can- 
yon are  mainly  associated  with  chocolate-brown  conglomerates  and 
purple  to  light  gray  mudstones;  bright  red  sediments  are  far  less  evi- 
dent. 

In  recent  years  Vaughn  (1966 b,  1969 b,  1970)  has  offered  a tentative 
hypothesis  to  explain  the  distributional  patterns  of  certain  vertebrates 
during  the  Early  Permian  over  the  southwestern  United  States  as  a 
whole.  He  draws  a distinction  between  “truly  deltaic”  and  “somewhat 
more  upland”  environments  based  primarily  on  paleogeographic  re- 
constructions of  positive  elements  and  seaways.  “Truly  deltaic”  is 
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applied  to  areas  found  near  the  borders  of  persistent  seaways  and 
whose  faunas  included  as  “marker”  elements  rhipidistian  crossopter- 
ygian  fishes,  the  amphibians  Diplocaulus  and  Seymouria,  and  the  rep- 
tile Dimetrodon.  “Somewhat  more  upland”  denotes  areas  far  removed 
from  seaways  and  close  to  margins  of  positive  elements  and  lacking 
the  above  deltaic  marker  animals.  Applying  these  criteria,  Vaughn 
designates  the  Jemez  Springs,  Arroyo  de  Agua,  and  El  Cobre  Canyon 
areas  as  all  representing  “somewhat  more  upland”  environments. 

In  order  to  test  Vaughn’s  hypothesis  it  is  necessary  to  describe  brief- 
ly the  paleogeographic  setting  of  New  Mexico  during  the  Early  Perm- 
ian. Fig.  9 is  an  attempt  to  present  the  broad  paleogeographic  features 
of  New  Mexico  during  early  Wolfcampian  time;  it  is  compiled  from 
various  sources  (Baars,  1962;  Hills,  1963;  Kottlowski,  1963;  McKee 
et  al.,  1967;  Kottlowski  and  Stewart,  1970),  not  all  of  which  agree  in 
detail  on  the  extent  of  the  various  positive  elements.  From  the  same 
sources  it  is  also  possible,  and  indeed  important  here,  to  describe 
briefly  the  major  physiographic  changes  that  occurred  in  New  Mexico 
during  Wolfcampian  time.  During  early  Wolfcampian  time  vast  floods 
of  eroded  siliciclastics,  derived  from  the  positive  elements  in  New 
Mexico  and  adjoining  areas  of  Arizona  and  Colorado,  filled  remnant 
Pennsylvanian  basins.  The  Row-Mora  basin  of  northeastern  New  Mex- 
ico received  the  red-bed  sediments  of  the  Sangre  de  Cristo  Formation 
from  surrounding  highlands.  Vertebrate  fossils  from  the  Sangre  de 
Cristo  southeast  of  Santa  Fe  in  Santa  Fe  and  San  Miguel  Counties 
indicate  a Wolfcampian  age  (Langston,  1953;  Olson  and  Vaughn, 
1970);  disjunct  exposures  in  south-central  Colorado,  however,  extend 
down  into  the  Upper  Pennsylvanian  (Vaughn,  1969 a,  1972).  In  early 
Wolfcampian  time  the  clastic  wedges  of  the  Abo  and  Cutler  Forma- 
tions extended  as  coastal  plains  bordering  shallow  marine  environ- 
ments; only  two  such  areas  are  important  to  the  discussion  here.  In 
central  and  south-central  New  Mexico  Abo  red  beds  interfinger  with 
marine  carbonates  of  the  northward  extension  of  the  Hueco  Formation 
into  the  Orogrande  Basin,  forming  a mappable,  transitional  unit,  the 
Bursum  Formation.  Along  the  southeastern  border  of  the  Orogrande 
Basin  in  Otero  County,  Otte  (1959)  renamed  the  Bursum  as  the  La- 
borcita  Formation.  Near-shore  conditions  also  existed  at  this  time  in 
the  southeast  corner  of  Utah  in  San  Juan  County.  Here  the  red-bed 
sediments  of  the  Halgaito  Shale,  a westward  extension  of  the  lower- 
most levels  of  the  undifferentiated  Cutler  red  beds  along  the  western 
margin  of  the  Uncompahgre  highland,  interfinger  northward  with  ma- 
rine carbonates  of  the  Elephant  Canyon  Formation.  By  late  Wolfcam- 
pian time  the  Elephant  Canyon  embayment  had  regressed  northward, 
well  away  from  the  region  of  concern  here.  During  the  Wolfcampian 
vasts  amount  of  Abo  detritus  derived  mainly  from  the  Uncompahgre 
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Fig.  9. — Generalized  map  showing  broad  paleogeographic  features  of  New  Mexico  dur- 
ing early  Wolfcampian  Permian  time.  Positive  areas  indicated  by  oblique  ruling:  D, 
Defiance;  FI,  Florida  Islands;  N,  Nacimiento;  P,  Pedemal;  SP,  San  Pedro;  SG,  Sierra 
Grande;  U,  Uncompahgre;  Z,  Zuni.  Wolfcampian  vertebrate  collecting  areas  Jemez 
Springs  (JS),  Arroyo  de  Agua  (AA),  and  El  Cobre  Canyon  (CC)  indicated  as  closed 
circles.  Map  compiled  from  Baars  (1962),  Hills  (1963),  Kottlowski  (1963),  McKee  et  al. 
(1967),  and  Kottlowski  and  Stewart  (1970). 


highland  of  northern  New  Mexico  and  southern  Colorado  were  carried 
southward  as  fluvially  transported  sediments,  forming  an  advancing 
coastal  plain.  By  the  end  of  the  Wolfcampian  the  northern  derived  red 
beds  had  buried  the  Zuni,  Defiance,  Nacimiento-San  Pedro,  and  much 
of  the  Pedernal  positive  elements.  This  episode  also  resulted  in  the 
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retreat  and  burial  of  the  Bursum  Formation  by  the  Abo  red  beds, 
pushing  the  shoreline  within  the  Orogrande  Basin  southward  to  only 
60  or  80  km  north  of  the  New  Mexico-Texas  border.  These  events 
created  a broad  mesic  coastal  plain  with  relatively  little  relief  (Baars, 
1962)  that  extended  from  the  southern  end  of  the  Uncompahgre  high- 
land to  the  Bursum  shoreline,  a distance  over  300  km. 

Vaughn  plotted  the  distributions  of  his  “truly  deltaic”  and  “some- 
what more  upland”  faunas  on  a paleogeographic  map  that  depicted  an 
early  Wolfcampian  topography  comparable  in  great  part  to  that  shown 
in  Fig.  9.  The  majority  of  the  Early  Permian  faunas  of  New  Mexico, 
however,  are  believed  to  be  middle  to  late  Wolfcampian  in  age.  As 
discussed  above,  the  topography  at  this  time  had  been  altered  greatly 
from  that  of  the  early  Wolfcampian.  In  late  Wolfcampian  time  the 
seaway  nearest  the  Jemez  Springs  fauna  was  that  occupying  the  Or- 
ogrande Basin.  At  this  time,  however,  the  northernmost  margin  of  the 
Orogrande  seaway,  as  represented  by  the  Bursum  Formation,  had  re- 
treated a considerable  distance  southward  from  its  narrow  extension 
into  central  New  Mexico,  and  the  Jemez  Springs  fauna  may  have  been 
as  much  as  300  km  north  of  the  Bursum  strand  line.  The  discovery  of 
a partial  skeleton  of  Dimetrodon,  one  of  Vaughn’s  “truly  deltaic” 
markers,  in  the  Abo  Formation  of  the  Jemez  Springs  area  (Berman, 
1977)  is  an  important  contradiction  to  Vaughn’s  hypothesis.  Subse- 
quent to  that  report,  Dimetrodon  has  been  found  to  be  a rather  com- 
mon element  of  the  Abo  fauna  of  Jemez  Springs.  The  presence  of 
Diplocaulus  in  the  Jemez  Springs  area  is  also  unexpected  according 
to  Vaughn’s  hypothesis.  Yet,  the  absence  of  rhipidistian  crossopter- 
ygian  fishes  and  Seymouria  might  be  viewed  as  negative  evidence  in 
support  of  Vaughn’s  analysis;  this  might  be  especially  valid  for  the 
former.  West  of  the  midcontinental  states  of  Texas  and  Oklahoma 
Seymouria  is  known  only  from  the  Organ  Rock  Shale,  Cutler  Group, 
of  southeastern  Utah  (Vaughn,  1966 a).  Rhipidistian  fishes,  on  the  other 
hand,  have  been  reported  in  the  far  Southwest  from  the  Laborcita 
(=Bursum)  Formation  of  south-central  New  Mexico  (Vaughn,  1969 b) 
and  the  Halgaito  Shale,  Cutler  Group,  of  southeastern  Utah  (Vaughn, 
1962;  Thomson  and  Vaughn,  1968);  both  areas  apparently  closely  bor- 
dered seaways.  If  rhipidistian  fishes  were  at  all  abundant  in  the  Jemez 
Springs  area  during  the  Early  Permian,  there  seems  a good  chance  that 
at  least  their  heavily  built  and  easily  recognized  scales  would  have 
persisted  and  should  be  found.  These  occurrences  of  rhipidistians, 
particularly  when  viewed  in  light  of  their  apparent  absence  from  Jemez 
Springs  and  other  red-bed  deposits  distant  from  areas  of  interbedding 
with  marine  carbonates,  may  indicate  a distribution  pattern  that  was 
restricted  to  margins  of  seaways.  It  is  important  to  note  here  that 
Vaughn  also  tentatively  designated  the  Sangre  de  Cristo  Formation 
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southeast  of  Santa  Fe  as  representing  a “somewhat  more  upland” 
environment.  This  assignment  was  based  not  only  on  reconstruction 
of  paleogeographic  features,  but  apparently  on  the  absence  of  “truly 
deltaic”  markers.  A fairly  large,  as  yet  undescribed,  collection  of  ver- 
tebrate fossils  has  recently  been  made  in  this  area  by  Berman,  provid- 
ing a faunal  list  that  includes  Diplocaulus,  but  equally  important  lacks 
elements  to  suggest  any  special  affinities  with  the  “somewhat  more 
upland”  faunas  of  Arroyo  de  Agua  or  El  Cobre  Canyon.  It  therefore 
appears  that  the  only  examples  of  Vaughn’s  “somewhat  more  upland” 
faunas  in  New  Mexico  are  those  of  Arroyo  de  Agua  and  El  Cobre 
Canyon.  Both  areas  are  close  to  the  southern  portion  of  the  Uncom- 
pahgre  highland  (often  indicated  separately  as  the  San  Luis  uplift) 
which  undoubtedly  persisted  as  a prominent  topographic  feature  dur- 
ing Wolfcampian  time — its  erosional  deterioration  accounting  for  most 
of  the  sediments  that  buried,  or  nearly  buried,  the  other  positive  ele- 
ments of  the  state.  It  would  therefore  seem  that  Vaughn’s  “somewhat 
more  upland”  faunas  were  much  more  restricted,  at  least  in  New  Mex- 
ico, than  originally  suggested  by  him. 

Recent  discoveries  also  raise  the  possibility  that  Vaughn’s  “truly 
deltaic”  fauna  should  also  include  Trimerorhachis  and  Gnathorhiza. 
Both  genera  occur  in  widely  scattered  localities  that  extend  from 
southeastern  Utah  to  south-central  New  Mexico  and  in  coastal  plain 
deposits  that  cannot  all  be  considered  to  have  formed  near  the  borders 
of  persistent  seaways.  In  addition  to  the  type  skull  of  Trimerorhachis 
sandovalensis , six  specifically  indeterminate  skulls  of  Trimerorhachis 
are  now  known  from  the  Abo  Formation  of  New  Mexico — the  greater 
part  of  a skull  from  the  Caballo  Mountains  in  Sierra  County  (Olson 
and  Vaughn,  1970);  two  nearly  complete  skulls  (CM  38032  and  CM 
26563),  as  well  as  several  skull  fragments,  from  a freshwater  pond  de- 
posit in  Los  Pinos  Mountains  in  Socorro  County;  a nearly  complete 
skull  (CM  38030)  from  the  probable  pond  deposit  on  the  eastern  margin 
of  Sierra  Lucero  in  Valencia  County  from  which  also  came  the  em- 
bolomerous  vertebrae  (CM  38032)  mentioned  earlier;  a partial  skull 
with  postcranial  elements  (CM  38027)  from  a stream-channel  deposit 
in  the  Jemez  Springs  area.  In  addition  to  the  Gnathorhiza  tooth  plates 
already  noted  from  Jemez  Springs,  Vaughn  has  reported  Gnathorhiza 
tooth  plates  from  the  Halgaito  Shale  and  from  equivalent  strata  low  in 
the  undifferentiated  Cutler  in  San  Juan  County,  southeastern  Utah 
(Vaughn,  1969b;  Olson  and  Vaughn,  1970),  as  well  as  what  are  prob- 
ably aestivation  burrows  of  Gnathorhiza  in  the  Sangre  de  Cristo  For- 
mation in  San  Miguel  County,  New  Mexico  (Vaughn,  1964b).  Berman 
(1976,  1979)  has  recorded  this  genus  from  three  localities  in  New  Mex- 
ico, two  of  which  are  the  same  as  those  given  above  for  Trimero- 
rhachis— numerous  articulated  specimens  preserved  in  aestivation 
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burrows  in  the  Abo  pond  deposit  in  Los  Pinos  Mountains,  Socorro 
County,  that  yielded  two  skulls  and  skull  fragments  of  T rimer orhachis\ 
two  tooth  plates  from  the  probable  Abo  pond  deposit  east  of  Sierra 
Lucero,  Valencia  County,  that  yielded  a single  skull  of  Trimerorhach- 
is’, two  tooth  plates  from  a stream  channel  lens  in  the  Sangre  de  Cristo 
Formation,  San  Miguel  County,  that  is  only  a few  kilometers  from  the 
probable  Gnathorhiza  burrow  locality  described  by  Vaughn  (1964 b). 
The  addition  of  Gnathorhiza  and  Trimerorhachis  to  Vaughn’s  “truly 
deltaic”  markers  should  not  be  unexpected,  because  they  are  typically 
found  in  close  association  with  Dimetrodon,  Diplocaulus,  and  rhipi- 
distian  fishes  in  the  classical  Lower  Permian  terrestrial  beds  of  north- 
central  Texas. 

In  summary,  it  appears  that  Vaughn’s  Early  Permian  “truly  deltaic” 
fauna  (with  the  possible  exception  of  the  rhipidistian  fishes),  as  well 
as  Trimerorhachis  and  Gnathorhiza,  had  a distribution  in  New  Mexico 
that  not  only  included  areas  closely  bordering  seaways,  but  also  ex- 
tended well  inland  across  a coastal  plain  to  the  margins  of  highlands. 
During  middle  and  late  Wolfcampian  time,  the  age  of  most  Permian 
vertebrate-bearing  horizons  in  New  Mexico,  this  coastal  plain  may 
have  reached  over  300  km  inland.  Though  deltas  almost  certainly  made 
up  a part  of  the  coastal  plain,  they  undoubtedly  represented  only  one 
of  several  types  of  habitats.  Until  thorough  sedimentological  study  of 
the  New  Mexico  red  beds  allows  recognition  of  the  various  physical 
habitats,  investigation  of  their  possible  role  in  vertebrate  distributions 
should  be  postponed.  We  also  recommend  that  the  term  “truly  del- 
taic” is  inappropriate  to  designate  the  now  broadly  definable  lowland 
fauna  and  habitat,  and  should  be  replaced  by  a more  general,  phys- 
iographic term,  such  as  “coastal  plain.”  The  above  discussion  should 
also  not  be  interpreted  as  a total  rejection  of  Vaughn’s  hypothesis.  The 
distinction  between  “coastal  plain”  and  “somewhat  more  upland” 
faunas  may  be  valid.  It  is  conceivable  that  the  faunal  differences  be- 
tween Jemez  Springs,  Arroyo  de  Agua,  and  El  Cobre  Canyon  may 
reflect  an  ecological  sampling  along  a transect  that  extended  from  the 
inland  margin  of  the  mesic  “coastal  plain”  up  onto  the  higher  slopes 
of  the  Uncompahgre  highland  where  Vaughn  (1970)  suspects  condi- 
tions may  have  been  wetter  and  cooler.  The  absence  of  rhipidistian 
fishes  and  Seymouria  from  the  Jemez  Springs  area  might  be  viewed 
as  negative  evidence  of  its  marginal  position  within  the  coastal  lowland 
habitat.  It  also  seems  reasonable  to  speculate  that  the  unusual  adap- 
tation of  Gnathorhiza  to  aestivate  in  apparent  response  to  marked  dry 
seasons  may  have  provided  them  with  a competitive  advantage  that 
favored  habitation  of  the  more  arid  coastal  lowlands  but  not  the  upland 
areas.  Along  this  same  line,  it  is  interesting  to  note  Olson’s  (1958, 
1977)  observation  that  Diplocaulus  and  Trimerorhachis  may  have  been 
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aestivators,  at  least  in  early  stages  of  life;  at  any  rate,  he  contends  that 
they  were  clearly  capable  of  surviving  severe  drying  conditions  even 
as  adults. 
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RESULTS  OF  THE  ALCOA  FOUNDATION-SURINAME 
EXPEDITIONS.  IV.  A NEW  SPECIES  OF 
BAT  OF  THE  GENUS  MOLOSSOPS 
(MAMMALIA:  MOLOSSIDAE) 

Stephen  L.  Williams 

Collection  Manager,  Section  of  Mammals 

Hugh  H.  Genoways 

Curator,  Section  of  Mammals 

Abstract 

A new  species  of  molossid  bat  of  the  genus  Molossops  is  described  from  Suriname. 
The  new  species  is  a member  of  the  subgenus  Molossops  where  it  is  distinguished  from 
the  other  two  member  species,  temminckii  and  aequatorianus,  by  larger  external  and 
cranial  size.  A single  specimen  of  the  species  was  taken  in  northern  Suriname  in  an  area 
of  savannah  and  secondary  forest. 


Introduction 

Three  species  of  the  molossid  genus  Molossops  (planirostris , green- 
halli,  and  abrasus)  are  included  in  the  85  species  of  bats  known  to 
occur  in  Suriname  (Husson,  1962,  1978;  Genoways  and  Williams,  1979; 
Williams  and  Genoways,  1980).  Among  the  specimens  taken  during 
our  expedition  to  Suriname  in  1977  is  a specimen  of  Molossops  that 
apparently  does  not  belong  to  one  of  these  species  or  any  other  de- 
scribed species  in  the  genus. 

Our  study  of  the  relationship  of  the  new  species  has  led  us  to  review 
the  relationships  of  Molossops  and  Cy nomops.  We  have  concluded 

Submitted  for  publication  6 June  1980. 
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Fig.  1. — Dorsal,  ventral,  and  lateral  views  of  the  cranium  and  lateral  view  of  the  lower 
jaw  of  the  holotype  of  Molossops  neglectus  (CM  53864). 
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that  these  taxa  should  be  considered  as  distinct  subgenera  as  was  done 
by  Cabrera  (1958)  and  Goodwin  and  Greenhall  (1961)  based  primarily 
upon  the  characters  given  by  Thomas  (1920).  Gardner  (1977)  docu- 
mented the  karyotypical  differences  between  these  groups,  but  he  did 
not  draw  any  final  conclusions  as  to  their  relationships.  We  believe 
that  the  new  species  is  a member  of  the  subgenus  Molossops  because 
it  shares  many  characters  with  M.  temminckii.  The  new  species  is 
named  and  described  below. 

Systematics 

Molossops  ( Molossops ) neglectus,  new  species 

Holotype .—  Adult  female,  skin  and  skull,  no.  53864  Carnegie  Mu- 
seum of  Natural  History  (CM);  1 km  S,  2 km  E Powaka,  Suriname, 
Suriname  (5°25'N,  55°03'W);  obtained  10  August  1977  by  Stephen  L. 
Williams;  original  number  2703. 

Distribution. — Known  only  from  the  type  locality. 

Diagnosis. — Size  large  for  the  subgenus  (Fig.  1;  Table  1);  two  lower 
incisors;  M3  complex  with  a third  commissure  making  the  tooth  broad- 
er labially  than  lingually;  M3  complex  with  the  talonid  composed  of 
two  cusps;  ears  pointed;  color  of  the  venter  uniform. 

Measurements. — External  measurements  of  the  holotype  are  as  fol- 
lows: total  length,  89;  length  of  tail,  29;  length  of  hind  foot,  7;  length 
of  ear  from  notch,  14;  length  of  calcar,  12.3.  Length  of  forearm  and 
cranial  measurements  for  M.  neglectus  as  compared  with  other  species 
of  Molossops  are  given  in  Table  1. 

Description. — Hairs  of  the  dorsum  3.0  to  3.5  mm  long;  base  of  hair  pale  yellowish- 
white;  remainder  of  hair  shaft  Mummy  Brown  (capitalized  color  terms  from  Ridgway, 
1912).  Hairs  on  the  venter  about  3.0  mm  long;  basal  portion  of  the  hair  shaft  yellowish- 
white;  overall  coloration  of  the  venter  Buffy  Brown,  paler  than  dorsum.  Membranes 
dark  blackish-brown. 

Ears  pointed  rather  than  rounded  as  in  most  molossids;  more  nearly  resembling  a 
vespertilionid  ear.  Antitragus  about  2.3  mm,  rounded,  about  as  wide  as  high;  tragus 
about  1.5  mm  with  a broadly  rounded  tip.  Free  portion  of  tail  about  one-third  the  length 
of  entire  tail. 

Dental  formula  1/1,  1/1,  1/2,  3/3.  Upper  incisors  relatively  large,  being  over  half  the 
length  of  the  canines,  and  filling  space  between  them.  Lower  incisors  small,  bifid  (Fig. 
2).  First  lower  premolar  considerably  smaller  than  second.  Third  upper  molar  complex 
having  a third  commissure-a  postcentrocrista  extends  from  the  mesostyle  to  a relatively 
well-developed  metacone;  postcentrocrista  about  two-thirds  the  length  of  the  precen- 
trocrista  (dental  nomenclature  from  Phillips,  1971).  Third  lower  molar  also  complex; 
talonid  composed  of  two  cusps,  a hypoconid  and  an  entoconid  with  associated  ento- 
cristid. 

Sagittal  crest  present,  forming  a helmet  at  occiput;  profile  of  skull  slopes  up  from 
nasal  aperture  to  the  posterior  end  of  the  helmet;  space  between  nasal  aperture  and 
lacrimal  ridge  relatively  broad  (3.0  mm). 

Comparisons. — Molossops  neglectus  shares  many  characters  with 
M.  temminckii ; however,  the  two  are  easily  distinguished  on  the  basis 


Table  1. — External  and  cranial  measurements  of  selected  female  specimens  of  seven  species  of  Molossops. 
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AMNH  94628  9 Rio  Tapojos,  Igarape,  42.0  21.2  19.3  14.3  5.0  9.9  7.5  8.9  14.4  9.4  8.8  16.0 

Brabo,  Brazil 

AMNH  236220  9 Nova  Gravada,  Sao  Paulo,  Brazil  41.4  19.4  17.7  12.9  4.6  9.6  6.9  8.5  12.7  8.9  7.7  14.0 

AMNH  114933  9 Sapucay,  Paraguay  43.5  20.7  18.8  13.8  4.9  10.3  7.4  8.7  13.8  9.4  8.3  14.8 

* Measurements  from  Cabrera  (1917). 
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Fig.  2. — Front  view  of  the  skull  of  Molossops  neglectus  (CM  53864),  showing  upper  and 
lower  incisors  and  canines. 


of  size  as  indicated  by  external  and  cranial  dimensions.  In  the  12  mea- 
surements examined,  there  was  overlap  only  in  postorbital  breadth 
(Table  1;  Vizotto  and  Taddei,  1976).  The  metacone  of  M3  may  be  better 
developed  in  M.  neglectus  than  in  temminckii',  sagittal  crest  better 
developed  in  neglectus ; helmet  essentially  lacking  in  temmenckii. 

M.  neglectus  is  distinguished  from  abrasus,  greenhalli,  planirostris, 
and  paranus,  by  having  only  two  lower  incisors  rather  than  the  usual 
four  found  in  the  other  species  (a  few  individuals  have  only  two  inci- 
sors); third  upper  and  lower  molars  more  complex  with  a third  com- 
missure on  M3  and  two  cusps  on  the  talonid  of  M3  as  compared  with 
M3  composed  of  only  two  commissures  (lacking  postcentrocrista  and 
metacone)  and  the  talonid  of  M3  with  only  one  cusp  (hypoconid);  ears 
pointed  instead  of  rounded. 

In  addition,  M.  neglectus  is  much  smaller  than  M.  abrasus  in  all 
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measurements  considered  and  lacks  the  distinct  patches  of  fur  along 
the  forearm  and  metacarpels  found  in  that  species.  In  planirostris,  the 
chin,  neck,  and  a broad  longitudinal  band  on  the  chest  and  abdomen 
are  white  or  yellowish-white  contrasting  with  the  rust  brown  sides  of 
the  venter,  whereas  in  neglectus  the  venter  is  uniformly  Buffy  Brown. 
M.  neglectus  is  distinguished  from  greenhalli  by  having  a helmet  at 
the  occiput  (lacking  in  greenhalli ),  a sloping  cranial  profile  (nearly  flat 
profile  in  greenhalli ),  and  a relatively  longer  distance  from  the  nasal 
aperture  to  the  lacrimal  ridge. 

The  exact  taxonomic  status  of  M.  aequatorianus  is  uncertain;  it  was 
placed  in  the  subgenus  Molossops  by  Cabrera  (1958).  However,  it  is 
easily  distinguished  from  M.  neglectus  by  its  overall  smaller  size  (Ta- 
ble 1). 

Etymology. — The  name  neglectus  is  a Latin  word  meaning  “overlook.”  We  have 
chosen  this  name  because  the  specimen  was  overlooked  in  our  collection  for  more  than 
two  years  before  its  significance  was  understood,  and  because  this  species  has  not  been 
found  previously  in  spite  of  extensive  work  on  bats  in  Suriname  and  northern  South 
America. 

Discussion 

Species  of  the  genus  Molossops  (Goodwin,  1958)  appear  to  fall  into 
two  distinct  groups  based  on  dental,  external,  and  karyological  charac- 
teristics. The  amount  of  morphological  distinctness  is  sufficient  to  war- 
rant recognition  of  these  groups  as  subgenera  (see  also  Cabrera,  1958; 
Goodwin  and  Greenhall,  1961).  The  subgenus  Cy  nomops  consists  of  the 
species  abrasus  (see  Carter  and  Dolan,  1978,  for  use  of  this  name), 
greenhalli  (Goodwin,  1958),  planirostris  (including  milleri,  Koopman, 
1978),  and  par  anus  (previously,  and  also  recently  by  Koopman,  1978, 
considered  to  be  a subspecies  of  planirostris,  but  recognized  as  a dis- 
tinct species  by  Handley,  1976,  although  he  gave  no  basis  for  this  recog- 
nition). The  subgenus  Molossops  consists  of  the  species  temminckii, 
neglectus,  and  possibly  aequatorianus.  The  exact  status  of  M.  aequa- 
torianus, is  uncertain  because  many  of  the  characters  needed  for  sub- 
generic placement  are  not  given  in  the  original  description  (Cabrera, 
1917).  However,  Cabrera  (1958)  placed  this  species  in  the  subgenus 
Molossops.  If  this  placement  is  correct,  aequatorianus  may  represent  a 
western  subspecies  of  temminckii  based  on  relative  size. 

Molossops  neglectus,  known  only  from  the  type  locality,  differs 
from  aequatorianus  and  temminckii  in  being  much  larger.  It  is  also 
geographically  isolated  from  them.  M.  aequatorianus  is  known  only 
from  western  Ecuador;  M.  temminckii  is  known  from  Uruguay,  Par- 
aguay, Argentina,  Brazil,  Bolivia,  Peru,  and  Colombia  (Vieira,  1955; 
Cabrera,  1958;  Pine  et  al.,  1970;  Vizotto  and  Taddei,  1976;  Koopman, 
1978;  also  see  list  of  Specimens  Examined).  It  is  possible  that  future 
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Fig.  3. — Plot  of  first  two  canonical  variates,  showing  phenetic  relationships  among  sam- 
ples of  female  Molossops.  Numbers  1,  2,  and  3 (subgenus  Molossops)  represent  ne- 
glectus,  aequatorianus,  and  temminckii,  respectively.  Numbers  4,  5,  6,  and  7 (subgenus 
Cynomops ) represent  abrasus,  greenhalli,  paranus,  and  planirostris , respectively. 


investigations  in  South  America  will  show  that  M.  neglectus  and  M. 
temminckii  intergrade  but  we  believe  that  the  magnitude  of  the  differ- 
ences between  the  two  and  the  lack  of  any  evidence  of  intergradation 
warrant  our  recognition  of  M.  neglectus  as  a distinct  species. 

Canonical  analysis  provides  a mechanism  for  graphically  represent- 
ing phenetic  relationships  among  samples  with  the  characters  weighted 
by  variance-covariance  analysis  (Fig.  3).  In  Table  2,  characters  used 
in  this  analysis  are  listed  from  the  most  useful  to  the  least  useful  in 
discriminating  groups.  Variates  I and  II  in  the  analysis  of  species  of 
Molossops  accounted  for  84.9%  and  5.6%  of  the  total  dispersion,  re- 
spectively. The  character  with  a high  canonical  coefficient  for  Variate 
I (values  greater  than  1.5)  was  length  of  mandibular  toothrow.  Those 
with  high  negative  values  include,  in  decreasing  order  of  value,  zy- 
gomatic breadth,  greatest  length  of  skull,  and  postorbital  constriction. 
In  Variate  II,  positive  values  of  more  than  1.5  were  exhibited  by  length 
of  mandibular  toothrow,  breadth  of  braincase,  and  length  of  mandible; 
high  negative  values  were  shown  for  greatest  length  of  skull  and  zy- 
gomatic breadth. 

In  Fig.  3,  the  seven  species  of  Molossops  are  arrayed  along  Variate 
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Table  2. — Variables  used  in  discriminant  function  analysis  of  South  American  female 
Molossops  (mastoid  breadth  and  breadth  across  upper  molars  omitted  because  these 
measurements  not  available  for  holotype  of  M.  aequatorianus).  Characters  are  listed 
in  order  of  their  usefulness  in  distinguished  groups,  with  the  character  with  the  greatest 
between-groups  variance  and  the  least  within-groups  variance  being  selected  first.  Other 
traits  are  ranked  using  the  same  criteria.  The  statistics  are  recalculated  at  each  step. 


Step 

Character 

F-value 

U-statistic 

1 

Zygomatic  breadth 

214.20 

0.0258 

2 

Length  of  forearm 

58.57 

0.9975 

3 

Length  of  mandible 

31.35 

0.0036 

4 

Lacrimal  breadth 

21.26 

0.0021 

5 

Length  of  mandibular  toothrow 

16.20 

0.0013 

6 

Greatest  length  of  skull 

13.54 

0.0008 

7 

Breadth  of  braincase 

11.78 

0.0005 

8 

Postorbital  constriction 

10.45 

0.0003 

9 

Condylobasal  length 

9.48 

0.0002 

10 

Length  of  maxillary  toothrow 

8.37 

0.0002 

I primarily  on  the  basis  of  size  with  the  small  M.  temminckii  at  the 
right  of  the  plot  and  the  large  M.  abrasus  at  the  left.  Each  species 
forms  a relatively  distinct  group.  M.  planirostris  and  paranus  are  the 
closest  to  each  other  of  any  of  the  taxa  studied  (the  one  specimen  of 
paranus  used  was  identified  and  reported  by  Handley,  1976).  M.  ne- 
glectus  is  well  separated  from  the  other  members  of  the  subgenus 
Molossops  and  is  actually  closer  to  planirostris  and  to  a lesser  extent 
greenhalli.  This  would  be  expected  because  these  are  the  two  species 
which  are  closest  in  size  to  neglectus.  The  position  of  the  holotype  of 
M.  aequatorianus  would  tend  to  support  the  specific  status  of  this 
species  (it  must  be  remembered,  however,  that  this  was  the  only  spec- 
imen not  measured  by  us). 

Our  specimen  was  a female  that  weighed  10  g and  evinced  no  re- 
productive activity  when  captured  on  10  August  1977.  The  habitat  of 
the  collecting  locality  was  the  boundary  between  savannah  and  a small 
forested  area.  The  savannah  had  scattered  shrubbery;  the  forested  area 
was  mostly  secondary  growth.  Other  species  of  bats  collected  at  that 
locality  included  Carollia  perspicillata,  Rhinophylla  pumilio,  Artibeus 
cinereus,  two  large  species  of  Artibeus,  Chiroderma  trinitatum,  C. 
villosum,  Uroderma  bilobatum,  V ampyressa  bidens,  and  Vampyrops 
heller  i. 

Specimens  Examined 

Molossops  neglectus  (1). — Suriname:  1 km  S,  2 km  E Powaka,  Suriname,  1 (CM). 

Molossops  abrasus  (8). — Brazil:  Rio  Tapojos,  Igarape  Brabo,  4 (AMNH);  Nova 
Gravada,  Sao  Paulo,  1 (AMNH).  Paraguay:  Sapucay,  2 (1  AMNH,  1 MCZ).  Vene- 
zuela: 59  km  SE  El  Dorado,  Bolivar,  1 (USNM). 
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Molossops  greenhalli  (5). — Suriname:  Grassalco,  Nickerie,  2 (CM).  Trinidad:  Port- 
of-Spain,  3 (AMNH). 

Molossops  paranus  (1). — Venezuela:  59  km  SE  El  Dorado,  Bolivar,  1 (USNM). 
(Identification  based  upon  Handley,  1976.) 

Molossops  planirostris  (21). — Brazil:  Rio  Amazon,  Faro,  1 (AMNH);  Rio  Madeira, 
Rosarinho,  1 (AMNH);  Rio  Negro,  near  Manaos,  1 (AMNH);  Rio  Tapojos,  Aramanay, 
2 (AMNH);  Rio  Tapojos,  Caxiricatuba,  1 (AMNH);  Rio  Tapojos,  Igarape  Brabo,  2 
(AMNH);  Rio  Tapojos,  Pinhy,  2 (MCZ);  Rio  Tapojos,  Tauary,  2 (MCZ).  Paraguay: 
Fuerte  Olimpo,  Olimpo,  2 (AMNH).  Venezuela:  Maripa,  1 (AMNH);  Rio  Manapiare, 
San  Juan,  T.  F.  Amazonas,  6 (USNM). 

Molossops  temminckii  (32). — Argentina:  Rio  Porteno,  5 km  S Estancia  Sta.  Cata- 
lina, Formosa,  3 (CM);  Yuto,  Jujuy,  4 (AMNH);  El  Breal,  6 km  SW  Santa  Victoria, 
Salta,  3 (CM).  Bolivia:  20  km  S San  Joaquin,  2 (AMNH).  Colombia:  Finca  Buque, 
Villavicencio,  Meta,  2 (USNM).  Paraguay:  Mbovevo,  4 (AMNH);  Misiones,  40  km  S 
San  Ignacio,  Boqueron,  2 (AMNH);  75  km  N Line  Camp,  Juan  de  Zalazar,  Boqueron, 
5 (UCONN);  km  290  Trans-Chaco,  Pres.  Hayes,  2 (UCONN);  Sapucay,  3 (USNM). 
Peru:  Boca  Rio  Curaray,  Loreto,  1 (AMNH).  Uruguay:  Arroyo  Negro,  15  km  S 
Paysandu,  Dept.  Rio  Negro,  1 (AMNH). 
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